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A  FATIGUE  MANAGEMENT  SYSTEM 
FOR  SUSTAINED  MILITARY  OPERATIONS 
(D  AMD  17-00-2-0055) 

FINAL  REPORT 
1  SEP  2001  -  28  FEB  2008 


INTRODUCTION 

Fatigue  resulting  from  reduced  sleep  and  disrupted  circadian  rhythms  is  well 
established  to  cause  significant  decrements  in  cognitive  perfonnance  (Caldwell,  1997; 
Dinges  and  Kribbs,  1995).  In  the  military  aviation  enviromnent  fatigue  induced 
perfonnance  decrements  during  non-stop  global  deployments,  bombing  missions  40-50 
hours  in  duration,  and  8-10  hour  combat  air  patrol  sorties  may  result  in  outcomes  ranging 
from  severe  crew  discomfort,  to  mission  degradation,  to  loss  of  crew  and  aircraft. 
Conservative  aircrew  fatigue  countermeasures  sometimes  prove  insufficient  to  counter  the 
effects  of  the  cumulative  fatigue  generated  by  extreme  sustained  and  long-duration  airborne 
operations.  In  these  critical  situations,  the  Air  Force  may  employ  the  controlled,  limited 
application  of  operationally  tested  phannaceuticals  to  enhance  aircrew  sleep  during  crew 
rest  (i.e.,  “no-go  pills”)  and  maintain  alertness  and  performance  during  extended  airborne 
missions  (i.e.,  “go  pills”). 

Three  experiments  were  conducted  to  expand  the  knowledge  base  and,  hence, 
develop  the  most  effective  and  safe  military  application  of  these  pharmaceutical  agents  in 
real-world  military  operations.  A  fourth  task,  completed  and  reported  in  previous  annual 
reports,  upgraded  the  software  capabilities  of  the  Fatigue  Avoidance  Scheduling  Tool 
(FAST),  which  interfaces  with  the  logic  of  the  Sleep,  Activity,  Fatigue,  and  Task 
Effectiveness  (SAFTE)  model  to  permit  predictive  estimates  of  operator  performance 
based  on  work  and  sleep  schedules. 


BODY 

Task  -  Cognitive  Performance  Following  Sudden  Awakening  while  Sleeping  Under 
the  Influence  of  Zolpidem  and  Melatonin.  (Study  #2  in  the  original  proposal) 

Objective.  The  objective  of  this  study  was  to  determine  the  impact  on  cognitive 
performance  when  suddenly  awakened  while  sleeping  under  the  influence  of  the  hypnotic 
zolpidem  or  the  hormone  melatonin. 

Status.  This  task  was  completed  with  the  publication  of  the  research  paper 
“Cognitive  Performance  Following  Awakening  From  Daytime  Sleep  While  Under  the 
Influence  of  Zolpidem  or  Melatonin”  in  the  peer-reviewed  journal  A viation,  Space,  and 
Environmental  Medicine,  2007,  78,  10-30  (Appendix  II).  Findings  from  this  study  were 
also  reported  in  April  2004  at  the  USAMRMC  Peer  Reviewed  Medical  Research 
Program  and  in  May  2004  at  the  Annual  Scientific  Meetings  of  the  Aerospace  Medical 
Association. 
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Task  -  Combined  Use  of  Selected  Hypnotics  and  Alertness  Medications  to 
Counteract  Aircrew  Fatigue  Due  to  Disrupted  Sleep  During  Sustained  Operations. 
(Study  #3  in  the  original  proposal) 

Objective.  This  study  evaluated  if  there  was  a  best  combination  of  AF/SG 
approved  hypnotic  and  alertness  medications  to,  respectively,  maximize  the  quality  of 
pre-mission  crew  rest  and  counteract  the  impact  of  fatigue  on  aircrew  performance  during 
subsequent  long-duration  missions. 

Status.  This  task  has  been  completed.  An  incomplete  draft  of  a  USAF/AFRL 
Technical  Report  describing  this  ambitious  effort  is  attached  at  Appendix  III.  This 
laboratory  study  was  conducted  against  the  background  of  a  hypothetical  one-week 
sustained  airborne  operation  involving  three  simulated  24-hour  missions  separated  by  16- 
hour  crew-rest  periods.  The  objective  was  to  determine  if  there  is  a  best  combined  use  of 
USAF-approved  hypnotic  and  alertness  medications  to,  respectively,  maximize  the 
quality  of  pre-mission  crew-rest  and  counteract  the  impact  of  fatigue  on  aircrew 
performance  during  subsequent  long-duration  missions.  Method:  The  study  evaluated 
and  compared  the  overall  counter-fatigue  effectiveness  of  the  repeated,  cyclic  use  of  the 
hypnotics  temazepam  and  zolpidem  when  each  was  paired  with  the  alertness  agents 
dextroamphetamine  or  modafinil.  During  the  simulated  missions  a  battery  of  cognitive 
tests  assessing  problem  solving,  reasoning,  memory,  and  simple  reaction  time  were 
employed  to  assess  the  ability  of  the  four  drug-combinations  to  counteract  the 
deteriorating  effect  of  the  fatigue  generated  by  the  combination  of  extended  duty  periods 
and  associated  circadian  dysrthymia.  Sleepiness  and  mood  scales  assessed  affect.  Sleep 
during  the  rest  periods  and  maintenance-of-wakefulness-tests  inserted  into  the  missions 
was  evaluated  polysomnographically.  Results:  The  findings  overwhelmingly  and 
consistently  demonstrated  cognitive  perfonnance  and  subjective  affect  to  deteriorate  under 
the  placebo  condition  as  a  mission  progressed  in  time,  but  to  remain  relatively  stable  or 
decrement  little  both  within  and  across  the  three  missions  for  each  of  the  four  drug- 
combination  conditions.  Statistically  significant  different  main  or  interactive  effects 
between  the  four  drug-combinations  were  very  rare  and  seemingly  random.  No  consistent 
findings  related  to  the  drug  conditions  were  statistically  detected  for  any  of  the  sleep 
metrics.  Conclusion:  The  combined  sequential  use  of  sleep-  and  alertness-aid  medications 
currently  approved  by  the  USAF  for  pre-mission  crew-rest  and  long-duration  missions 
significantly  extended  cognitive  perfonnance  during  a  simulated  surge.  There  were  no 
statistical  differences  among  the  four  drug-combinations  in  their  efficacy  to  maintain 
cognitive  perfonnance.  The  effects  of  the  drug-combinations  on  pre-mission  sleep  quantity 
and  quality  did  not  systematically  differ  from  each  other  or  the  placebo  condition. 

Task  -  The  Reversal  of  Zolpidem  Intoxication  by  Sublingual  Flumazenil.  (Study  #1 
in  the  original  proposal) 

Objective.  This  study  assessed  the  usefulness  of  sublingually  administered 
flumazenil  to  reverse  sleep  aid  intoxication  for  daytime  sleep  and  improve  perfonnance 
on  cognitive  tests  in  a  dose  dependent  manner  in  a  rapid  awakening  paradigm. 

Status.  This  task  has  been  completed.  A  near-complete  manuscript  in 
USAF/AFRL  Technical  Report  fonnat  describes  the  entire  study  at  Appendix  IV.  In 
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military  operational  environments,  fatigue  induced  performance  decrements  resulting 
from  reduced  sleep  and  disrupted  daily  rhythms  may  result  in  outcomes  ranging  from 
severe  discomfort,  to  mission  degradation,  to  loss  of  life.  In  the  operational  environment, 
sleep  aids  cannot  be  used  to  rest  the  warfighter  because  the  warfighter  may  be  called 
upon  to  act  on  short  notice  and  the  sleep  aid  might  itself  degrade  performance  resulting  in 
the  same  poor  outcome.  However,  if  the  sleepiness  and  cognitive  degradation  caused  by 
the  sleep  aid  could  be  reversed,  the  use  of  sleep  aids  could  be  expanded  to  include  more 
operational  environments.  The  objective  of  this  study  was  to  evaluate  the  ability  of 
flumazenil,  administered  as  a  liquid  sublingually,  to  quickly  and  safely  counteract  the 
sleep-inducing  or  drowsiness  effect  of  zolpidem.  Thirteen  participants  received  10  mg 
zolpidem  or  placebo,  were  instructed  to  sleep  90  minutes,  were  awakened  and  given 
either  1  mg  flumazenil  or  placebo  and  tested.  At  the  beginning  of  the  second  hour  after 
awakening,  participants  were  given  a  second  sublingual,  1  mg  does  of  flumazenil  or 
placebo  and  tested  over  the  next  5  hours.  The  repeated-measures,  double-blind  design 
showed  flumazenil  provided  partial  recovery  from  the  soporific  effects  of  zolpidem. 
Conclusions:  1  .Sublingual  flumazenil,  administered  immediately  on  awakening,  was 
shown  to  reverse  the  cognitively  degrading  effects  of  zolpidem  by  23%,  restoring 
performance  to  92.5%  of  placebo.  2.  One  to  two  hours  after  awakening,  performance  did 
not  return  to  the  level  of  the  placebo  after  flumazenil  administration,  but  rather  joined  the 
zolpidem-only  decay  function  which  continued  to  be  approximately  20%  degraded 
compared  to  placebo.  3.  At  five  hours  post  awakening,  performance  remained  degraded 
by  10-11%  compared  to  placebo.  4.  Consideration  should  be  given  to  developing  a  new 
means  of  administering  liquid  flumazenil  in  a  fonn  that  can  be  self-administered  and 
quickly  dissolved  when  placed  under  the  tongue. 

Task  -  Revisions  and  Upgrades  to  SAFTE/FAST 

Objective.  The  objective  of  this  task  was  to  extend  the  capabilities  and 
operational  applicability  of  the  Sleep,  Activity,  Fatigue,  and  Task  Effectiveness  (SAFTE) 
model  and  its  associated  scheduling  tool,  the  Fatigue  Avoidance  Scheduling  Tool 
(FAST™).  Specifically,  the  task  was  to  incorporate  into  the  SAFTE  model,  and 
FAST™,  algorithms  for  computing  the  shift  of  the  human  circadian  rhythm  when 
crossing  time  zones. 

Status.  This  task  was  completed  as  reported  in  the  third  annual  report  delivered 
in  2005.  The  SAFTE  model  has  been  selected  as  the  referent  for  further  development  of 
a  DoD  Warfighter  and  Fatigue  model.  The  FAST™  software  now  predicts  the  degrading 
effects  of  jet  lag  when  traveling  east  and  west  commensurate  with  the  scientific  literature. 
The  model  also  predicts  the  amplitude  and  duration  of  the  recovery  once  the  sleeping 
pattern  stabilizes.  The  FAST™  software  is  available  to  all  government  agencies  without 
cost  by  downloading  it  from  the  NTI  website,  www.ntiinc.com. 

The  Air  Force  Research  Laboratory  has  provided  additional  funding  to  develop  a  web- 
based  product  that  has  all  of  the  functionality  of  FAST™.  Although  the  AF  effort  SBIR 
received  no  funding  from  the  Anny  BAA,  DAMD 17-00-2-0055  contract,  we  wanted  to 
give  a  short  description  of  how  the  tool  has  continued  to  advance  building  on  the  Army 
BAA  funding. 
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The  web-based  tool  provides  support  for  various  specialized  users  making  data  entry  and 
reporting  compatible  with  their  normal  tasks.  The  internet-based  tool  was  initially  called 
the  Intelligent  Scheduling  Tool  (1ST)  and  has  subsequently  been  called  the  Fatigue- 
Performance  Assessment  Tool  (F-PAS).  The  tool  provides  support  for  regular,  cyclic 
work-rest  schedules,  for  irregular  work-rest  schedules,  for  pharmaceutical 
countermeasures,  and  for  formal  Operational  Risk  Management  (ORM)  of  fatigue  effects. 
Special  interfaces  have  been  created  for  shift  work  schedulers,  mishap  investigators, 
mission  schedulers,  pilots,  and  flight  surgeons,  providing  pharmaceutical 
countermeasures.  Each  user  group  has  been  involved  in  the  development  of  their 
interface  through  a  Task-Centered  System  Design  (TCSD).  final  delivery  of  the  web- 
based  tool  will  commence  July  2008. 

F-PAS  Capabilities:  Essentially  F-PAS  has  all  the  capabilities  of  FAST™  in  a  web- 
based  product.  In  addition,  it  requires  user  identification  and  a  password  to  enter  the 
website  for  required  DoD  security.  The  application  allows  multiple  users  to  access  the 
website  simultaneously  while  preventing  users  from  accessing  each  other’s  schedules. 

The  special  interfaces  of  F-PAS  allow  user  data  entry  and  displays  to  be  integrated  into 
their  respective  work  environment  and  tasks.  After  entering  the  system  and  selecting  an 
interface,  the  user  begins  data  entry.  Each  interface  has  associated  help  that  is  context 
sensitive.  While  the  mishap  and  shift  work  interfaces  are  unique,  the  mission  interface 
will  serve  anyone  working  with  an  irregular  schedule,  like  mission  schedulers,  pilots, 
ground  commanders,  squad  leaders,  and  medical  personnel.  The  mission  interface  is 
closest  to  the  data  entry  approach  used  in  FAST™.  However,  it  uses  a  calendar  input 
format  similar  to  Microsoft™  Outlook™  for  entry  of  sleep  and  work  making  it  more 
familiar  to  novice  users. 

Once  a  user  completes  data  entry,  F-PAS  processes  the  sleep  and  location  changes  with 
the  SAFTE  model  (reservoir,  circadian,  and  sleep  inertia  components)  to  produce  various 
output  displays  and  reports,  some  designed  for  the  specific  user  groups.  The  most 
general  output  is  a  graph  similar  to  FAST™.  F-PAS  has  new  reports  that  present 
reasoned  analyses  based  on  entered  schedules.  While  the  mishap  and  shift  work  reports 
are  unique,  the  mission  report  is  more  general.  All  reports  will  present  fatigue  ratings  for 
Operational  Risk  Management  (ORM).  These  ratings  may  be  used  in  conjunction  with 
the  criticality  of  the  mission  to  determine  if  the  mission  should  be  initiated. 

Alternatively,  fatigue  countermeasures  may  be  selected  and  the  mission  can  be  re¬ 
evaluated  for  fatigue  risk. 

Many  features  are  common  to  all  interfaces.  Schedules  may  be  saved  on  the  server  or  on 
the  user’s  computer.  All  data  are  encrypted  for  security.  Reports,  graphs,  timelines,  and 
schedules  can  be  copied  to  the  clipboard  and  pasted  into  word  processing  documents, 
spreadsheets,  or  slides  similar  to  FAST™.  They  can  also  be  printed  or  saved  to  files  on 
the  users’  computer. 
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KEY  RESEARCH  ACCOMPLISHMENTS 


Three  complex,  ambitious  experiments  were  conducted  in  simulated  operational 
environments.  Each  experiment  evaluated  the  efficacy  and  best  application  of  USAF  and 
USA  approved  sleep-  and  alertness-aids  as  warfighter  fatigue  countermeasures.  Precise 
and  thorough  protocols  were  prepared,  reviewed,  defended,  and  approved  by  both  USA 
and  USAF  Institutional  Review  Boards.  FDA  INDs  were  submitted  for  review  and 
approval  as  appropriate.  Sophisticated  experimental  designs  were  applied  to  simulate 
long  duration  and  surge  military  operations,  requiring  data  collection  over  sessions 
lasting  as  long  as  24  hours  and  around-the-clock  across  several  successive  days. 

Outcome  measures  included  cognitive  measures  assessing  decision  making,  memory,  and 
problem  solving;  psychophysiological  measures  included  sleep  polysomnography, 
strength,  and  balance.  Each  experiment  resulted  in  a  publishable  paper  providing 
findings  of  interest  to  both  the  scientific  and  operational  military  communities. 

The  SAFTE  Model  (Sleep,  Activity,  Fatigue,  and  Task  Effectiveness)  and  its  associated 
scheduling  software  (Fatigue  Avoidance  Scheduling  Tool)  have  been  enhanced  to  predict 
transmeridian  travel  across  times  zones  and  to  predict  the  cognitive  performance  of 
individuals  undergoing  shiftwork  schedule  changes. 

The  SAFTE  Model  was  selected  as  the  DoD  Warfighter  and  Fatigue  Model  referent  for 
future  research  and  development. 

FAST  is  now  available  at  a  website  for  all  DoD  agencies,  and  is  being  embedded  into  the 
Army  MANPRINT  system. 
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CONCLUSIONS 

Findings  indicated  that  when  operational  personnel  sleeping  with  the  aid  of 
zolpidem  are  prematurely  awakened,  it  would  be  prudent  to  evaluate  their  general  well¬ 
being  and  possible  needed  for  assistance  prior  to  their  being  pennitted  to  depart  crew-rest 
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or  to  perform  tasks  and  duties.  In  contrast,  there  was  no  evidence  of  deteriorated  well¬ 
being  or  need  for  assistance  when  awakened  while  sleeping  under  the  influence  of 
melatonin. 

The  combined  sequential  use  of  sleep-  and  alertness-aid  medications  currently 
approved  by  the  USAF  for  pre-mission  crew-rest  and  long-duration  missions  significantly 
extended  cognitive  performance  during  a  simulated  surge.  There  were  no  statistical 
differences  among  the  four  drug-combinations  in  their  efficacy  to  maintain  cognitive 
perfonnance.  The  effects  of  the  drug-combinations  on  pre-mission  sleep  quantity  and 
quality  did  not  systematically  differ  from  each  other  or  the  placebo  condition. 

The  potential  efficacy  of  sublingual  doses  of  flumazenil  to  reverse  the  soporific 
effects  of  zolpidem  on  performance  were  demonstrated  in  an  operationally-relevant, 
sudden-awakening  paradigm.  Further  research  directed  at  improving  the  effectiveness  of 
sublingual  administration  and  refining  the  dosage  could  provide  both  military  and  civilian 
communities. 

So  what?  Warfighter  fatigue  is  a  critical  operational  issue,  contributing  to 
depressed  morale,  significant  performance  deterioration,  and,  most  importantly,  risk  and 
loss  of  life  in  military  operations.  The  appropriate  and  knowledgeable  use  of  carefully 
assessed  fatigue-countenneasure  phannaceuticals  during  periods  of  increased  opstempo 
provides  the  US  Warfighter  with  another  edge  in  the  battle  environment. 
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Hi  ksii  SK,  lUttNUisn  DP.  Johnson  ML,  Thorne  DR.  Dul.sk>  G, 
Daikin  TJ,  Storm  WF.  Mate*  JC-,  Eddy  DR.  Fatigue  models  for 
applied  research  in  u  arflghling.  A  vial  Sparc  Environ  Mrd  2004;  750 
Suppl.hA44  -S3. 

He-  U.S  Drj)Jitmvfll  ol  Dclcnse  (DOD  I  hat  long  puijued  a|>pi>«-d 
frseanh  (  uni  owing  fatigue  in  sustained  .md  i  nnlinudut  militaiy  ojkt- 
. iimm  in  19‘JG,  lluith  developed  .1  simple liameosblk  fatigue model 
•mil  |imgr.imm«I  iIh-  model  inlo  .in  .n  ligr.iph  ii,  give  4  cmilummo 
mdli  .ilimi  1.1  pedoim.mi r  Hated  mi  this  Initial  md.  die  Army 
ducted  .1  study  o(  I  wk  ol  teuritled  sleep  in  66  wibiocts  with  multiple 
me, mins  <>|  (Mifoimam  e,  termed  ll«<-  Sleep  Dwe-ReqM.nsc  Study  iSDK 
Dll',  study  piovlded  numeric. ii  estimation  o (  paiomrtm  It*  ilw  VValtc: 
Kced  Aimy  Institute  ol  Research  Sleep  Pednimance  Model  iSPM  .u«l 
elucidated  till'  lel.Uiomliips  .inning  ■.ever.ll  deep  related  IMffbrmance 
measures  (6)  Concurrently,  I  tursti  extended  Hie original  4.  tigrajih  tin.) 
oling  stiucture  and  xoltwjie  expressions  lot  me  in  uthu  practical  appii 
1  .itinnv  Tlie  modrl  liec.ime  known  as  the  Sleep,  Activity  fatigue  and 
task  Effectiveness  (SAI  ID  Model  and  lluisli  has  appiled  il  in  live 
construction  ol  .1  l  atlgue  Avoidance  Scheduling  tool  This  v.ltwaie  n 
designed  |u  help  opumi/r*  die  opetalional  management  of  aviation 
ground  and  llight  crews,  but  is  not  limited  to  that  application  tins  pa(»er 
<lesi  rib(“.  tin-  winking  fatigue  model  as  11  is  being  d,-,,  .  ,  the 

1 "  11 '  labot  .mi  .  ii  work,  vernacular,  amt 

luit.itmn  of  the  SAI  T  F  Model  (16)  At  specific  points  where  tltc  SPM  may 
dlffct  from  SAFfE.  tins  is  discussed.  Extensions  ol  the  SAFTE  Modt-I  to 
Incorporate  dynamic  phase  aijjustrnenl  fur  both  transmeruiian  reloca- 
iimi  and  shill  work  are  described  The  unexpeaed  persistence  of  per- 
Inrinance  effects  following  chronic  sleep  restriction  luuiid  m  the  SDR 
sludy  necessitated  some  revisions  of  the  SATTT  Model  that  are  also 
described.  The  paper  concludes  svith  a  discussion  of  several  im|xxunt 
modeling  Issues  that  remain  to  be  addiessed. 

Keywords:  slee|>.  laiigue,  ciicadian  ihylhm.  pedotmam .  model  t,  , 
nltlve  throughput,  sleep  inertia,  sleep  deprivation 


THh  U.S.  DEPARTMENT  OF  DEFENSE  (DOD)  has 
X  lung  pursued  applied  research  concerning  fatigue 
in  sustained  and  continuous  military  operations.  Lead 
DOD  laboratories  are  the  Waller  Reed  Armv  Institute  of 
Research  (WRA1R)  in  Silver  Spring,  MD.  the  Naval 
Hcaltli  Research  Center  (NHRC)  in  San  Diego,  CA,  the 
Air  Force  Research  Laboratory  (AFRL)  at  Brooks  City- 
Base,  1 X,  and  the  U.  S.  Army  Aviation  Research  labo¬ 
ratory  (USAARL)  at  Fort  Rucker.  AL  Research  teams  at 
these  locations  are  responsible  for  investigating  fatigue- 
related  impairment  of  cognitive  readiness," for  develop¬ 
ing  countermeasures  to  fatigue,  and  for  providing  guid¬ 
ance  fo  the  Services  in  the  management  of  fatigue.” 

A  lluee-process,  quantitative  model  was  initially  con¬ 
ceived  in  the  1980s,  jointly  by  WRAIR  and  Scientific 
Applications  International  Corp.  (SAIC),  in  an  attempt 
to  estimale  a  relationship  between  crewmen's  sleep  and 
the  delivery  of  artillery  rounds  on  target  (30).  During 
the  1990s,  WRAIR  focused  on  the  study  of  sleep  per  se 
as  a  determinant  of  cognitive  performance,  which  con¬ 


tributed  to  refinements  of  the  original  model  from  data 
obtained  from  studies  of  total  anil  partial  sleep  depri¬ 
vation  (7).  WRAIR  sponsored  the  development  of  an 
actigraph  with  an  embedded  sleep  model,  and  I  Ittrsh  at 
SAIC  developed  a  simple  homeostatic  fatigue  model 
and,  working  with  Precision  Control  and  Design,  pro¬ 
grammed  the  model  into  an  actigraph  to  give  a  contin¬ 
uous  indication  of  performance. 

Ihese  efforts  suggested  the  need  for  a  large-scale 
sludy  of  partial  sleep  deprivation  to  itll  a  major  knowl¬ 
edge  gap  between  normal  sleep  and  total  sleep  depri¬ 
vation.  A  study  was  undertaken  of  I  wk  of  restricted 
sleep  in  66  subjects  with  multiple  measures  of  perfor 
mature,  termed  the  Sleep  Dose-Response  Sludy  (SDR). 
Hits  study  provided  numerical  estimation  of  parame 
ters  for  Ihe  WRAIR  Sleep  Performance  Model  (STM), 
and  elucidated  the  relationships  among  several  sleep- 
related  performance  measures  (6).  Concurrently,  1  lurslt 
at  SAIC  extended  the  original  actigraph  modeling  struc¬ 
ture  and  software  expressions  for  use  in  other  practical 
applications. 

Work  sponsored  by  the  Natick  Research  and  Devel 
opment  Center  focused  attention  on  the  development  of 
the  fatigue  model  for  incorporation  into  the  Integrated 
Unit  Simulation  System  (IUSS),  a  simulation  of  solder 
performance  under  hypothetical  combat  scenarios  (31). 
With  support  from  the  AFRL's  Warfighter  Fatigue 
Countermeasures  (WFC)  Program,  Hurslt  further  de¬ 
veloped  the  Sleep,  Activity,  Fatigue,  and  Task  Effective¬ 
ness  (SAFI  E)  Model,  and  has  applied  it  in  the  construc¬ 
tion  of  a  Fatigue  Avoidance  Scheduling  Tool  (FAST) 
under  an  AF  SBIR  awarded  to  NT],  Inc.  (16).  This  soft 
ware  is  designed  to  help  optimize  the  operational  man¬ 
agement  of  aviation  ground  and  flight  crews,  but  is  not 
limited  to  that  application.  Current  laboratory  collabo¬ 
rations  between  NHRC  and  AFRL,  additionaf field  data 
collection  by  both  groups,  and  studies  of  sleep  depri- 
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vation  and  pharmaceutical  effects  in  the  Army  labora¬ 
tories  all  promise  to  add  quantitative  input  and  valida¬ 
tion  for  model  development. 

r  ™s  combined  progress  led  to  a  meeting  among 
IJOL)  principal  investigator's  in  January  2002  for  the 
purpose  of  more  closely  coordinating  their  research  and 
converging  parallel  efforts  in  modeling  development  / 
G,vcn  their  common  origin  the  WRAIR  5PM  and  / 
AFRL/SAIC  SAFTE  Models  do  not  differ  greatly.  Struc-  1 
tural  differences  are  minor.  The  key  distinction  between 
the  two  approaches  is  the  temporal  perspective  of  their 
application.  The  WRAIR  SPM  Model,  with  its  roots  in 
an  actigraph-bascd  monitoring  technology,  attempts  to  sri 

take  prior,  measured  sleep  history  of  individuals  to  ^ 

estimate  current  cognitive  capacity,  or  "readiness.”  of  — 

both  the  individual  and  the  crew  or  group  m  which 
lie/she  operates.  It  may  be  used  to  provide  feedback  to 
the  individual  who  may  need  sleep,  to  allow  selection 
among  candidate  individuals  or  units  for  a  particular 
operation,  or  to  provide  a  weighting  function  for  tier-  Proa 

form  ante  in  higher  order  models  of  operational  scenar-  work 

!‘,s'  On  the  other  hand.  SAFTF  is  applied  to  hypothet-  has  a 

!  j  or  prospective  work/sleep  schedules  in  order  to  ,hc  r 

identify  potential  performance  problems,  and  to  opti  ,utUt1 

mi/e  operational  planning  and  management.  Clearly  while 

these  perspectives  are  complementary  and  overlap  con  (slin 

siderably  ami  can  share  a  common  model  of  sleep  anil  anL^  s 
performance  prediction.  In  addition,  the  SAFI  !■  Model  both 1 
was  elaborated  with  a  fourth  process  that  modulates  ,cvel 
,hc  slot‘P  reservoir  capacity  during  chronic  sleep  restric-  eled  * 
lion  to  account  for  findings  from  recent  chronic  sleep  Parl  ‘ 
restriction  studies  showing  slower  than  expected  re- 
bound  of  performance  following  recovery  sleep  The  ^u*  ol 
SAFER  Model  has  also  been  enhanced  to  account  for  ,ivent 
circadian  shifts  due  to  Iransmeridian  crossings  vs.  shift  (circa' 
work  changes.  Trans 

This  paper  describes  the  working  model  as  it  is  being  b>! Jhk 

developed  by  the  DOD  laboratories,  using  the  concep-  .  !  H‘ 
tual  framework,  vernacular,  and  notation  of  the  SAFrH  V’“e  0 
Model  (16).  At  specific  points  where  the  WRAIR  SPM  lEt*  Fr 
may  differ  from  SAFTE,  this  is  discussed.  Tills  model  is 
intended  to  be  a  tool  for  the  operational  components  of  Akfs 
the  Services;  that  is.  its  framework  is  heuristic,  and  the  aiu  . f' 
research  focus  is  toward  application  In  the  background  T  iU 

are  a  number  of  basic  research  efforts,  supported  bv  1110  U 

government,  industrial,  and  academic  enterprise  which  t"osl 

will  be  cited  by  the  authors  but  not  discussed  m  the  C'4U,V 
depth  they  deserve.  Nonetheless,  such  efforts  both  add 
to  the  body  of  knowledge  on  which  a  valid,  practical  1 

tool  can  be  constructed,  and  impose  important  theoret-  °U°W 
ical  and  practical  constraints.  In  order  to  plan  future  P°nCn 
studies  leading  to  useful  and  accurate  predictions,  in 
DOD  laboratories  and  elsewhere,  basic  Issues  must  be  MErE 
considered,  and  are  discussed  critically  in  the  context  of  Pnv„. 
the  present  model.  Hopefully,  this  paper  will  help 
guide  our  laboratories  in  coordinating  their  research,  IVuk 
and  allow  the  reader  to  assess  the  status  of  our  applied  functi< 

research  as  it  progresses  toward  a  transition  to  practical  ra,e  at 
applications.  r  during 

I  he  conceptual  architecture  of  the  SAFFE  Model  is  lbis 
shown  in  Fig.  1  The  core  of  this  model  is  schematized  line'  E 
as  a  sleep  reservoir,  which  represents  sleep-dependent 
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Schematic  of  SAFTF.  Model 

')ieeP-  Acrhity,  Fatigue  and  Task  Effectiveness  Model 
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tig.  1.  Block  di.igrjin  ot  the  SAFTE  Model 

processes  that  govern  the  capacity  to  perform  cognitive 
work  Under  fully  rested,  optimal  conditions,  a  person 

|as  a  maximal  capacity  to  perform,  annotated  as 
tlu-  reservoir  capacity  (Re).  While  one  is  awake,  the 
1  '■  ' '  "tents  ol  this  reservoir  are  depleted  and 
while  asleep,  they  are  replenished.  Replenishment 
(skvp  accumulation)  is  determined  by  sleep  intensity 
and  sleep  quality  Sleep  intensity  is  in  turn  governed  by 
bosli  the  time-of-day  (circadian  process)  and  the  current 
77  ol  the  reservoii  (sleep  debt).  Sleep  quality  mod 
eled  as  its  continuity,  or  conversely,  fragmentation,  in 
part  determined  by  external,  real-world  demands  or 
requirements  to  perform.  Performance  effectiveness  is 
the  output  of  the  modeled  system.  The  level  of  effec¬ 
tiveness  is  simultaneously  modulated  by  time-of-dav 
(circadian)  effects  and  the  level  ol  the  sleep  reservoir, 
transient  post-sleep  decay  of  performanci  I  deled 
by  the  term  inertia. 

I  he  foregoing  terminology  has  been  selected  to  pro¬ 
vide  operational  users  oi  the  model  an  intuitive  grasp  of 
the  processes  involved.  SAFTE  .s  a  three-pnx  ess,  quan- 
titauve  model  similar  to  that  suggested  by  Folkard  and 
Akerstedt  (18).  Achermami  and  Borb^ly  (1),  Akerstedt 
and  Folkard  (2),  and  Jewett  and  Kronauer  (33).  The 
modulation  of  reservoir  volume  essentially  represents 
the  homeostatic  regulation  of  wakefulness,  involving 
two  subprocesses  with  respect  to  performance  capacity 
(equivalent  to  their  S  process).  The  second  process  is  the 
major  influence  of  circadian  rhythms  (process  C).  The 
tnird  process  involves  "sleep  inertia”  (process  W)  The 
following  discussion  will  take  up  the  individual  com- 
ponents  of  the  model  in  some  detail, 

METHODS 

Process  1:  The  Homeostatic  Process 

Wakefulness  -  reservoir  depletion:  The  performance  use 
function  is  a  mathematical  formula  describing  the 
rate  at  which  cognitive  performance  capacity  declines 
during  continuous  wakefulness.  SAFTE  expresses 
this  function  in  terms  of  an  equation  for  a  straight 
line,  Eq.  1:  “ 
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D»ya  of  Sloop  Deprivation 


lig.  2.  IVrfor maiici’  decicmtml  on  the  Sen.il  AdilitnMi/SuUr«t».Ti 
task  across  72  h  of  sleep  tieprlvatmn 

where  I1  is  performance  use,  or  reservoir  depletion  over 
n  period  of  time,  t.  The  model  pegs  tire  reservoir  capac¬ 
ity,  Rc,  at  288(1  arbitrary  units,  and  the  default  value  for 
K,  the  slope  of  this  line,  is  0.5  units  per  minute  Tints, 
after  4  d  (,5760  min)  of  continuous  sleep  losv  the  reser¬ 
voir  will  L>c  fully  depleted. 

The  rationale  for  both  linearity  and  the  value  for  the 
decay  slope  (about  l"o  per  hour  awake)  is  derived  from 
it  straight-line  fit  of  cognitive  throughput  data  obtained 
during  72  h  of  total  sleep  deprivation.  In  that  study, 
performance  declined  by  approximately  25%  for  every 
24  h  of  total  sleep  deprivation  (46)  lire  residual  data 
from  this  treatment  show  a  clear  circadian  rhythm  (Fig. 
2).  The  SAFTE  Model  with  a  linear  performance  use 
function  combined  with  a  two-frequency  circadian  pro¬ 
cess  (see  below)  can  fit  the  data  of  Fig.  2  with  an  R2  of 
0.89. 

The  performance  use  function  is  a  linear  approxima¬ 
tion  of  what  may  be  a  more  complex  pattern  of  decay 
over  time.  There  remain  a  number  of  unresolved  issues 
concerning  both  its  slope  and  its  shape.  For  instance, 
data  from  the  SDR  study  (66  subjects  sleeping  either  9. 
7,  5,  or  3  h  per  day  tor  7  d),  yielded  a  straight-line  slope 
of  about  0.5%  per  hour  using  a  simple  reaction  time  task 
(PVT)  (14)  instead  of  an  arithmetic  task  (6).  Whether 
this  twofold  difference  from  lire  previous  estimate  is 
task-specific,  or  due  to  other  factors  (e.g.,  demographic) 
remains  unclear.  Furthermore,  other  modeling  efforts 
have  postulated  curvilinear  decay  functions  based  on 
other  data  sets.  Folkard  and  Akerstedt  (18)  use  an  ex¬ 
ponential  expression  for  decreasing  alertness  (as  op¬ 
posed  to  performance).  A  linear  approximation  of  their 
function  over  24  h  yields  a  slope  of  about  1.8%  per  hour. 
For  both  alertness  and  performance,  Jewett  (32,33)  fits 
data  to  a  sigmoidal  function,  reflecting  both  a  delay  in 
the  onset  of  decay  after  awakening,  and  a  slowing  of 
decay  rates  after  about  36  h  of  sleep  deprivation.  Jewett 
also  suggests  that  the  decay  waveform  mav  be  influ¬ 
enced  by  both  circadian  phase  at  wake  time  and  by 
prior  sleep  debt.  Most  researchers  would  probably 
agree  with  us  that  the  variance  of  grouped  data  tends  to 
increase  with  the  duration,  measured  in  days,  of  sleep 
deprivation  experiments,  which  makes  precise  descrip¬ 
tion  of  the  waveform  all  the  more  difficult.  For  the  time 


being,  then,  we  continue  to  utilize  the  linear  approxi¬ 
mation. 

Sleep  accumulation  -  reservoir  replenishment:  The  sleep/ 
restoration  function  is  a  mathematical  formula  describ¬ 
ing  the  rate  at  which  restoration  of  cognitive  perfor¬ 
mance  capacity  accrues  during  sleep  For  SAFTF., 
additions  io  the  reservoir  (S)  resulting  from  sleep  over 
an  interval  of  time,  t,  depend  on  the  sleep  intensity  (SI, 
or  rate  of  recuperation  due  to  sleep)  over  that  interval, 
shown  in  Eq.  2: 

S  =  SI  •  I  Eq.  2 

SI  (units/ minute)  varies  during  the  interval  such  that  it 
is  the  weighted  sum  of  1)  sleep  propensity  (SP),  a  func 
lion  of  time-of-day,  and  2)  the  current  reservoir  deficit, 
or  sleep  debt  (SD),  in  the  reservoir  (Rc-Ri)  as  it  changes 
during  the  interval,  multiplied  by  a  feedback  factor,  f. 
llus  latter  quantity  is  sometimes  referred  to  as  the 
sleep/wake  cycle  because  it  depends  on  the  pattern  of 
sleep  and  wakefulness.  Thus,  SI  is  given  by  the  follow¬ 
ing  sum,  Eq.  3: 

SI  -  SI'  *  SD,  where  SO  /-(Re  Ki)  Eq.  3 

SP  incorporates  a  circadian  process,  e,  and  an  amplitude 
factor,  a.  (default  0.55  units;  see  below),  anil  /  lias  a 
default  value  of  0.0026564  min.  Rc  is  the  reservoir  ca¬ 
pacity  and  R>  is  the  reservoir  level  at  time  t.  SAFTE 
incorporates  a  maximum  level  of  sleep  intensity,  set  to 
4.4  units/min.  Tins  limit  permits  an  equilibrium  state  to 
be  reached  with  as  little  as  3  h  •  d  1  of  sleep,  but  not 
with  less.  Note,  however,  that  with  only  3  h  •  d"1  of 
sleep,  performance  is  severely  degraded  until  recovery 
sleep  is  obtained. 

ihe  proposition  that  sleep  intensity  is  increased  by 
sleep  debt  is  a  feature  recognized  by  all  the  models 
recently  offered.  For  the  WRAIK  SPM  and  the  homeo¬ 
static  model  of  Folkard  and  Akerstedt  (18),  this  Ls  ex¬ 
plicitly  stated  as  an  exponential  "recharging"  function. 
Tire  rationale  for  this  derives  from  observations  that  the 
rate  at  which  recuperation  occurs  during  sleep  varies 
continually  as  a  function  of  extant  sleep  debt.  Kecuper 
ation  at  the  beginning  of  the  sleep  period,  when  sleep 
debt  is  relatively  high,  occurs  at  a  faster  rate  than  at  the 
end  of  the  sleep  period,  when  sleep  debt  is  relatively 
low  (28,38).  Whether  this  is  due  to  shifts  of  sleep  archi¬ 
tecture  toward  more  restorative  slow-wave  sleep  in  the 
early  hours  has  been  discussed  recently  by  Wesensten, 
Balkin.  and  Belenky  (48).  If  expressed  as  a  discrete 
function,  as  above,  or  exponentially,  the  results  of  the 
SPM  and  SAFTE  converge  for  small  intervals,  ignoring 
the  circadian  process  in  the  SAFTE  Model.  The  value  of 
/  in  SAFTE  is  the  reciprocal  of  the  time  constant  of 
recuperation  in  the  exponential  equation  of  tire  SPM, 
and  is  equivalent  to  about  375  min  (based  on  a  perfor¬ 
mance  throughput  measure).  This  value  is  derived  from 
earlier  studies  in  which  84  h  of  sleep  deprivation  were 
interrupted  by  daily  0.5-h  naps  (7).  After  the  SDR  study, 
the  SPM  was  modified  to  a  much  slower  rate  of  recu¬ 
peration,  with  a  time  constant  of  about  1300  min  (based 
on  a  reaction  time  measure).  As  with  the  value  for 
ivaking  decay,  this  large  difference  in  recovery  rate  is 
not  entirely  understood.  It  is  consistent  with  the  obser¬ 
vation  that  the  3-  and  5-h  sleep  groups  in  the  SDR  did 
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not  recover  U>  baseline  after  three  full  nights  of  sleep,  a 
slower  rate  of  recover)'  than  SAFTE  would  predict, 
suggesting  a  needed  revision,  described  below 

The  circadian  component  of  51,  or  Sleep  Propensity 
(SP),  essentially  postulates  that  the  restorative  effext  of 
sleep  depends  in  part  on  the  lime-of-dav  at  which  the 
sleep  occurs  (1036).  In  SAFTE,  this  is  expressed  by  Eq 

Sr  =  -  a.  •  c  Eq.  4 

in  units  per  minute,  where  a>  is  a  weighting  factor 
(default  ~  0.55  units),  and  c  is  the  arcadian  rhythm  of 
body  lempernlure  and  arousal,  which  varies  between 
l  I  and  1  (see  below).  For  a  person  taking  a  normal 
K  h  sleep  fmm  midnight  to  08:00.  sleep  is  most  intense 
in  the  early  morning  at  about  03:00  There  is  a  mid¬ 
afternoon  increase  in  sleep  propensity  at  about  16:00 
that  coincides  with  the  mid-afternoon  dip  in  alertness 
ami  consistent  with  the  observation  of  increases  in  sleep 
related  traffic  accidents  (.36).  The  rhythm  of  SP  is  taken 
to  he  1 80u  out  of  phase  with  alertness  and  performance; 
hence  the  resulting  value  is  subtracted  from  the  resto¬ 
ration  rate  due  to  sleep.  Jewett  and  Kronaucr  (3.3)  in¬ 
corporate  a  similar  term  in  their  model  that  modulates 
the  rate  of  recovery,  arguing  that  the  actual  amount  of 
sleep  obtained  (given  equal  amounts  of  time  allowed 
for  sleep)  varies  according  to  time  of  day,  without  im¬ 
plying  that  changes  in  sleep  architecture  (or  quality) 
mediate  changes  in  sleep  intensity  By  the  same  argu¬ 
ment,  the  SPM  omits  altogether  any  correction  for  cir¬ 
cadian  effects  on  sleep  quality  or  quantity,  since  the 
SI’M  is  concerned  with  sleep  as  it  is  actually  measured. 
This,  again,  is  the  key  difference  between  SPM  and 
SAME,  and  SAITF.  thus  lias  the  advantage  of  being 
able  to  optimize  both  sleep  amount  and  sleep  timing  for 
prospective  work/rest  schedules. 

lire  final  influence  on  sleep  accumulation  results 
from  sleep  fragmentation  This  is  expressed  as  a  non¬ 
linear  term  that  has  the  effect  of  delaying  onset  of  sleep 
restoration  (by  setting  SI  =  0)  at  the  end  of  any  wake 
period.  I  his  is  bast'd  on  empirical  evidence  that  the 
early  minutes  of  sleep  are  generally  Stage  1  (4$).  Bv 
screening  out  the  first  several  minutes  of  sleep,  the 
model  enhances  the  effect  of  fragmented  sleep  and 
frequent  awakenings,  an  effect  by  which  such  influ¬ 
ences  on  cognitive  performance  capacity  as  age,  envi¬ 
ronmental  disruptions,  divided  work/rest  schedules, 
and  sleep  pathology  are  expressed.  At  present.  Avis 
delay  is  set  at  5  min  following  each  arousal  or  awaken¬ 
ing,  based  on  studies  of  simulated  sleep  apnea  in  which 
12  awakenings  per  hour  were  equivalent  to  total  sleep 
deprivation  (9).  However,  it  is  likely  that  future  re¬ 
search  will  lead  to  refinement  of  this  function  such  that 
it  will  be  modulated  by  extant  sleep  debt  and/or  Arne  of 
day.  Both  SAFTE  and  SPM  contain  this  factor,  and  it  is 
closely  related  to  the  time-of-sleep  discussion  by  Jewett 
and  Kionauer  (33),  although  not  explicitly  expressed  in 
their  modeL 

Process  2:  Sleep  Inertia 

Sleep  inertia  can  be  described  as  the  delay,  after 
awakening  from  sleep,  before  expected  levels  of  alert¬ 
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ness  and  performance  resume.  The  modeling  of  this 
transient  phenomenon  is  based  on  studies  of  post-sleep 
performance  (13)  and  of  brain  metabolism  using 
positron  emission  tomography  (PET)  (5).  Jewett  anti 
Kronauer  (33)  and  Folkard  and  Akerstedt  (17)  both 
invoke  a  short-lived  exponential  deviation  from  the 
homeostatic  process  The  SAFTE  Model  estimates  this 
effect  as  an  exponential  discharge  function  that  is  in¬ 
voked  for  2  h  after  awakening  from  sleep,  whose  output 
is  subtracted  from  the  effectiveness  output  of  the  over¬ 
all  model  according  to  Eq.  5: 

I  =  -  tin*.  •  e  for  U  =  0  to  120  min  Eq.  5 

where  I  is  the  maximal  inertia  effect  on  awakening, 
set  to  5%,  and  i  is  the  inertia  time  constant,  set  to  0.0-1. 
Since  the  time  <  anstanl  is  also  related  to  thi  p  in 
tensity  at  time  of  awakening,  SI,  sleep  inertia  will  last 
longer  for  awakenings  that  occur  during  deep  sleep, 
such  as  early  in  the  sleep  period  or  during  sleep  periods 
of  individuals  carrying  a  large  sleep  debt. 

Process  3  The  Circadian  Process 

Performance  while  awake  and  the  drive  to  sleep  are 
both  controlled,  in  part,  by  a  circadian  process  (17,41). 
Studies  of  performance  |e.g..  reaction  time  (15)),  alert 
ness  ratings  (22,42),  measures  of  the  tendency  to  tall 
asleep  |e  g„  multiple  sleep  latency  tests  (11,40,45);  see 
also  La  vie  (37)|,  and  body  temperature  (22,42)  indicated 
that  the  underlying  circadian  process  is  not  a  simple 
rel  •  ating  sine  wave  Performance  and  alertness  rea«  n  .1 
major  peak  in  the  early  evening,  about  20:00.  and  fall  to 
a  minimum  at  about  04:00,  There  is  a  secondary  mini¬ 
mum  in  the  early  afternoon,  about  14:00,  and  a  second¬ 
ary  morning  peak  at  about  10:00.  Correlated  with  this 
pattern  is  a  varying  tendency  to  fall  asleep  that  reaches 
a  peak  at  about  the  same  time  performance  and  alert 
ness  reach  their  minima.  The  existence  of  both  a  major 
and  a  minor  peak  in  performance  and  two  correspond¬ 
ing  minima  at  other  times  suggests  that  at  least  two 
oscillations  are  involved  in  the  circadian  process  (47), 

Roth  SAFTE  and  SPM  estimate  this  circadian  process 
wifli  a  function  that  is  composed  of  the  sum  of  two 
cosine  waves,  one  with  a  period  of  24  h  and  one  with  a 
period  of  12  h.  Fhe  two  oscillations  are  out  of  phase, 
producing  an  asymmetrical  wave  form:  a  gradual  rise 
during  the  day  with  a  plateau  in  the  afternoon  and  a 
rapid  decline  at  night  that  closely  parallels  published 
studies  of  body  temperature  (22,24,42).  The  circadian 
rhy  thm  of  performance  is  not  a  simple  mirror  image  of 
variations  in  body  temperature  (20,21).  Tire  asymmet¬ 
rical  circadian  rhythm  combines  with  a  gradually  de¬ 
pleting  reservoir  process  resulting  in  a  bimodal  varia¬ 
tion  in  cognitive  effectiveness  that  closely  parallels 
published  patterns  of  performance  and  alertness,  de¬ 
scribed  above.  The  circadian  process  is  represented  by 
Eq.  6: 

ci  =  <o*(2ir  (T  -  p)/24)  +  0cos(4r(T  -  p  -  p')/24) 

Eq.  6 

where  T  is  the  time  of  day  in  hours,  p  is  the  time  of  the 
peak  of  the  24  h  rhythm,  p’  is  the  relative  time  of  the 
12  h  peak,  and  0  is  the  relative  amplitude  of  the  12  h 
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rhythm.  Initially,  in  the  SAFTE  Model,  p  is  set  to  18:00 
(6  pm),  and  is  adjusted  in  a  maimer  described  below. 
The  value  for  p'  is  3  h,  and  0  is  0.5.  Parameters  derived 
from  analysis  of  SDR  data  are  implemented  in  one 
version  of  the  SPM.  These  phase  values  are  somewhat 
later  in  the  day,  with  a  major  peak  at  about  23:00  and  an 
afternoon  nadir  at  17:00.  Because  the  SDR  study  was  not 
designed  optimally  for  elucidation  of  circadian 
rhythms,  having  only  four  unequally  spaced  data 
points  during  each  day,  the  consensus  of  our  laborato¬ 
ries  favors  the  values  used  in  SAIT I-.,  which  better  track 
the  timing  and  amplitude  of  known  circadian  pro¬ 
cesses.  Note  also  that  since  c  is  a  compound  of  two 
cosine  functions,  the  peak  of  the  resulting  waveform 
does  not  coincide  with  the  peak  of  the  24-h  component, 
p;  with  p  equal  to  18:00  and  p'  set  to  3  h,  the  peak  of  the 
resulting  compound  is  about  20:00, 

Modification  of  the  Circadian  Process  by  Activity  Patterns 

When  subjects  move  to  another  time  zone  or  alter 
work  pattern  so  that  sleep  and  work  occur  at  different 
times  ol  day,  the  internal  circadian  oscillator  that  con¬ 
trols  body  temperature  and  alertness  shifts  to  this  new 
schedule.  During  the  period  of  adjustment,  subjects 
experience  performance  degradation,  disrupted  mood, 
and  feelings  of  dysphoria,  called  circadian  desynchro¬ 
nization  or  “jet  lag"  (24,29,35).  The  SAFTE  Model  mim¬ 
ics  this  process  and  automatically  adjusts  the  phase  of 
the  circadian  rhythm  to  coincide  with  the  activity  pat- 
tern  of  the  subject.  This  feature  is  critical  for  the  accu¬ 
rate  prediction  of  the  effects  of  moving  to  a  new  time 
/one  or  changing  to  a  new  and  regular  work  pattern, 
such  as  changing  from  the  day  shift  to  the  night  shift 
I  he  model  detects  the  average  time  of  the  awake  period 
and  maintains  a  running  average  "awake  time."  The 
peak  of  the  circadian  rhythm  has  a  reliable  relationship 
to  the  timing  of  the  period  of  wakefulness.  When  one 
moves  to  a  new  work  schedule  or  a  new  time  zone,  the 
i  hange  in  average  awake  time  (relative  to  a  reference 
lime  zone)  is  detected  and  a  new  "target  phase"  is 
computed.  For  example,  after  moving  from  the  central 
U.S.  time  zone  to  Germany,  the  awake  time  of  the 
subject  advances  6  h.  This  causes  a  gradual  shift  of  6  h 
in  the  circadian  process  of  the  model.  In  general,  a 
phase  advance  (eastward  time  change)  takes  about  15  d 
per  hour  of  shift  (23-25,29,35,39,43).  The  model,  there¬ 
fore,  adjusts  to  the  new  "target  phase"  gradually  over 
Lite  course  of  9  d.  During  that  time,  the  performance  of 
the  subject  will  show  net  degradation  due  to  the  desyn¬ 
chronization  of  the  internal  circadian  process  from  the 
new  rhythm  of  work  and  sleep.  Likewise,  westerly 
travel  causes  a  phase  delay  in  the  circadian  rhythm  and 
takes  less  time  for  adjustment,  about  1  day  per  hour  of 
shift  (23-25,29,35,39,43).  Folkard  et  al.  (19)  similarly 
utilize  time  of  awakening  as  the  basis  for  phase  adjust¬ 
ments,  while  Jewett  and  Kronauer  (33)  emphasize  the 
synchronizing  effect  of  light  exposure  in  their  model.  It 
is  acknowledged  that  light  exposure  may  be  a  funda¬ 
mental  driver  for  phase  adjustment,  along  with  sleep, 
activity,  and  sixial  cues;  however,  in  practice,  light 
exposure  information  is  normally  not  available  to  the 
planner  in  advance  of  an  operation  As  an  approxima¬ 


tion.  periods  of  awake  activity  are  normally  closely 
linked  to  times  of  exposure  to  light  (either  natural  or 
artificial)  so  that  the  timing  of  awake  activity  coincides 
with  the  timing  of  light  exposure  and  can’serve  as  a 
reasonable  basis  for  the  estimation  of  phase  changes. 
Limitations  of  this  approximation  may  occur  in  situa¬ 
tions  of  continuous  low-level  artificial  light  (e.g.,  aboard 
submarines  or  orbiting  spacecraft)  or  when  exposure  to 
bright  light  is  deliberately  arranged  to  induce  a  phase 
shift  (1234).  r 

Recently,  the  SAFTE  Model  has  been  incorporated 
into  a  planning  tool  called  the  Fatigue  Avoidance 
Scheduling  lool  (FAST),  which  also  includes  features  to 
track  changes  in  geographic  location  and  calculated 
levels  of  sunlight.  In  this  implementation,  the  model 
can  detect  the  difference  between  transmeridian  sched¬ 
ule  shifts  and  shift-work  changes  at  the  same  location. 
When  a  shift-work  change  is  detected,  a  slower  rati-  of 
phase  adjustment  is  implemented  to  reflect  the  inhibi¬ 
tory  effects  of  both  light  exposure  and  social  cues  At  its 
extreme,  a  shift-work  induced  change  in  circadian 
phase  may  take  2.6  times  as  long  to  complete  .is  a 
comparable  transmeridian  shift  in  phase  (21). 

Combined  Processes:  Performance  Effectiveness 

Hie  final  output  of  the  SAFTE  Model  consists  of  a 
summation  ot  the  homeostatic  process  (sleep  reservoir 
balance)  and  the  circadian  process  (performance 
rhythm),  with  transient  adjustments  for  sleep  inertia  as 
required.  In  the  WRAIR  SPM,  these  terms  are  combined 
differently,  by  multiplying  (modulating)  the  reservoir 
balance  with  the  circadian  process.  The  SAFTE  Model  is 
computed  as  a  weighted,  additive  modulation  of  the 
level  of  performance,  expressed  as  a  percent  of  baseline. 
Thus,  effectiveness  at  time  t  (E.)  is  given  by  Eq.  7: 

Ei  =  100  •  (Ri/Rc)  +  Ct  +  I  Eq.  7 

where  1  is  the  transient  inertia  term;  100  •  (R./Rc)  is  the 
reservoir  level,  expressed  as  %  of  capacity;  and  G  is 
computed  from  the  circadian  process  (c)  as  follows: 

Ci  =  Cl  •  (a,  ♦  a, (Re  -  Kn/Rcl 

where  a,  =  7%  and  a2  =  5%  Eq  .  8 

The  computation  of  the  circadian  component  (G,  Eq.  8) 
includes  a  variable  amplitude  expression  that  effec¬ 
tively  increases  circadian  modulation  of  effectiveness 
with  increasing  sleep  debt  (4). 

Adaptation  to  Specific  Task  Effectiveness 

The  SAFTE  Model  can  predict  changes  in  cognitive 
capacity  as  measured  by  standard  laboratory’  tests  of 
cognitive  performance.  For  example,  the  model  can  pre¬ 
dict  degradation  of  serial  add-subtract  throughput  dur¬ 
ing  72  h  of  sleep  deprivation  [R*  =  0.89,  data  from 
I  home  et  al.  (48)|  as  well  as  average  cognitive  through¬ 
put  across  a  series  of  cognitive  tests  during  54  h  of  sleep 
deprivation  [R2  =  0.98,  data  from  Angus  and  I  lesle- 
grave  (3)J.  A  modified  version  of  SAFTE  (see  below) 
with  appropriate  parameter  settings  can  predict  aver- 
age  cognitive  throughput  and  average  psychomotor 
vigilance  (PVT)  speed  during  restricted  sleep  duration 
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over  7  d  |R2  =  0.94,  data  from  Balkin  et  al.  (6)|.  It  is 
assumed  that  these  cognitive  tests  measure  changes  in 
the  fundamental  rapacity  to  perform  a  variety  of  tasks 
Lhat  rely,  mure  or  less,  on  the  cognitive  skills  of  discrim¬ 
ination,  reaction  time,  mental  processing,  reasoning, 
and  language  comprehension  and  production  How¬ 
ever,  specific  tasks,  such  as  specific  military  tasks,  vary 
in  their  reliance  on  these  skills,  and  deficits'  in  cognitive 
capacity  may  not  produce  identical  reductions  in  the 
capacity  to  perform  all  military  tasks.  It  is  reasonable  to 
assume,  however,  that  the  changes  in  military  task  per¬ 
formance  would  correlate  with  changes  in  the  underly- 
ing  cognitive  capacity.  In  other  words,  if  one  were  to 
plot  changes  in  military  task  performance  as  a  function 
of  measured  changes  in  cognitive  capacity,  there  would 
he  a  monotonic  relationship  between  the  two  variables 
Therefore,  if  these  two  sets  of  data  were  available  from 
a  test  population  subjected  to  sleep  deprivation,  linear 
(or  nonlinear)  regression  techniques  could  be  applied  to 
derive  a  transform  function;  this  transform  translates 
predicted  cognitive  changes  into  changes  in  military 
task  performance,  based  on  this  reasoning,  the  method 
lor  evaluating  the  effectiveness,  discussed  previously  as 
the  cognitive  effectiveness,  can  he  extended  to  predict 
variations  in  any  task  or  component  of  a  task  (given 
appropriate  test  data)  using  the  generalized  task  effec¬ 
tiveness  mi),  Eq.  l>  expression  as  follows 

'll!  A  (Ki/Kc)  <  II  i  C I  |ow(2ir(T  VU 24) 

+  C2|co»(4irfr  /’  -  |>')/24l||  *■  L  Eq.  9 

where  A  linear  component  slope,  H  linear  compo¬ 
nent  intercept,  Cl  circadian  weighting  factor,  C2  = 
12  h  weighting  factor,  and  p  acrophase  of  the  task. 

I  lie  other  factors  in  the  equation  (Kj/Rc  and  I)  are  as 
they  would  be  predicted  by  the  SAFTE  Model  for  cog¬ 
nitive  effectiveness. 

Implications  of  Model  Structure 

Equilibrium  states:  If  a  subject  is  scheduled  to  take  less 
than  an  optimal  amount  of  sleep  each  night,  for  exam¬ 
ple,  4  h  •  d  l,  the  reservoir  initially  loses  more  units 
during  the  awake  period  than  are  made  up  during  the 
sleep  period.  This  results  in  a  sleep  debt  at  the  end  of 
the  sleep  period  that  accumulates  over  days.  However, 
since  the  rate  of  sleep  accumulation  increases  with  sleep 
debt,  eventually,  the  rate  of  sleep  accumulation  in 
creases  such  that  4  h  of  sleep  equilibrates  with  the 
depletion  of  20  ii  awake.  At  this  point,  the  reservoir 
reaches  an  equilibrium  state  and  no  further  debt  is 
accumulated,  although  the  initial  deficit  remains  as 
long  as  the  person  remains  on  this  schedule.  By  the  6th 
d  of  the  restricted  sleep  schedule,  cognitive  perfor¬ 
mance  oscillates  about  a  stable  level  well  below  the 
baseline  level  achieved  with  8  h  of  sleep.  Minimum 
effectiveness  is  about  64%  on  the  seventh  day. 

Progressive  sleq>  debt  under  extreme  schedules: The  sleep 
homeostat  is  not  infinitely  elastic;  there  is  a  limit  to  the 
rate  of  sleep  accumulation  (sleep  intensity),  set  in 
SAFTE  at  4.4  units  per  minute.  The  effect  of  this  is  that 
any  schedule  that  provides  less  than  about  3  h  of  sleep 
per  day  will  not  reach  an  equilibrium  state  and  perfor¬ 
mance  capacity  will  gradually  deplete  to  zero,  although 
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the  rate  of  depletion  slows  over  the  first  week  of  restrit 
tion  as  sleep  intensity  rises  to  its  maximum  level.  Under 
a  schedule  of  only  2  h  of  sleep  per  day,  minimum 
performance  declines  to  about  19%  on  the  seventh  day. 

Inning  I  he  SAF !  E  Model  is  sensitive  to  (lie  lime 
of  day  of  the  sleep  period.  I  he  performance  of  an 
individual  given  8  h  of  sleep  per  day  starting  at  12:00 
(noon)  each  day  reaches  a  peak  of  1 00%  .0  the  start  of 
each  work  period  (20:00)  but  rapidly  declines  during 
ii’.--  lati-  night  and  early  morning  hours  to  a  strong  dip 
at  about  03  (H).  Minimum  predicted  performance  under 
this  schedule  is  predicted  to  be  as  low  as  66%  compared 
with  minimum  performance  under  a  normal  sleep 
schedule  of  86%.  This  alteration  in  pattern  results  from 
two  factors.  First,  sleep  intensity  is  initially  less  for  sleep 
periods  starting  at  noon.  Tliis  results  in  a  small  accu¬ 
mulated  debt  that  is  quickly  offset  by  the  homeostatic 
sleep  mechanism.  The  second,  more  persistent  effect  is 
the  circadian  oscillator  of  performance  that  reaches  its 
minimum  in  the  early  morning  hours.  This  pattern  has 
important  implications  for  performance  under  shift 
schedules  that  require  daytime  sleep.  It  is  well  docu¬ 
mented  that  most  mistakes  on  the  night  shift  occur 
during  the  early  morning  hours  and  this  is  predicted  by 
the  model  (8,26,27,44). 

Retrospective  validation:  The  predictions  of  the  model 
for  the  effects  of  total  sleep  deprivation  were  compared 
with  an  independent  set  of  data  reported  by  Angus  and 
Heslegrave  (3)  Their  results  were  plotted  against  the 
predictions  of  the  sleep  model  and  are  shown  in  Fig.  3. 
All  parameters  within  the  model  were  set  to  the  default 
values  with  the  acrophase  (peak  of  the  24-h  circadian 
rhythm)  and  start  time  as  indicated  in  the  legend.  The 
SAFI'E  Model  predictions  for  the  actual  data  were  ex 
ceptionally  good  (R2  -  0.98). 

Prospective  validation:  The  results  of  the  sleep  dose 
response  study  provide  an  opportunity  to  conduct  a 
prospective  validation  of  the  SAFTE  Model  againsl  a 
range  of  sleep  conditions  between  total  sleep  depriva¬ 
tion  and  norma!  amounts  of  sleep.  Fig.  4  is  a  summary 
of  the  results  of  that  study  showing  the  average  perfor- 
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Fig.  4.  f  it  of  Iht*  original  SAFTl  Mode!  to  lh«  rrsdlt*  ot  tUr  iJovr 
response  stuiJy  conducted  by  tin.’  Walter  Reed  Army  Institute  of  Research 


inancc  across  nil  cognitive  bisks  as  a  percent  of  the 
performance  ol  the  group  provided  9  h  to  sleep.  Hits 
group  was  used  for  normalization  to  account  for  the 
clear  learning  effect  that  occurred  with  some  of  the 
tasks,  The  heavy  lines  through  the  points  are  the  orig¬ 
inal  SAFTE  Model  predictions.  The  model  does  a  rea¬ 
sonably  good  job  of  predicting  the  average  performance 
during  the  course  of  the  7  d  of  sleep  restriction  but  does 
not  predict  the  slow  recovery  seen  during  the  3  d  of 
recovery  sleep. 

Virtually  all  models  would  have  predicted  full  recov¬ 
ery  of  performance  following  3  d  of  recovery’  sleep.  Hie 
relatively  permanent  effect  of  chronic  sleep  restriction 
suggests  that  some  aspect  of  sleep  homeostasis  under¬ 
goes  a  gradual  change  that  is  slow  to  recover.  In  an 
accompanying  paper,  researchers  from  the  WRAIR  pro¬ 
pose  a  method  to  account  for  this  effect.  Within  the 
context  of  the  SAFTE  Model,  a  simple  gradual  down- 
regulation  of  the  sleep  reservoir  capacity'  (Kc)  during 
chronic  restriction  can  account  for  this  change  A  single 
equation  modulates  Rc  during  sleep,  Eq  10: 

UC|,(  Rc„  .  I,  +  t  •  (kj  •  [1  —  <SU„  .  ,,/IljH 

+  kj  •  (28S0  Rc„-Ul).  Eq.  10 

where  SD(,.j),  is  the  sleep  debt  component  of  sleep 
intensity'  at  time  t  -  1,  \f  •  (Rc^  ,,  —  R^,  ,>)].  Current 

sleep  intensity,  SI,  is  unchanged  from  Eq.  3  except  that 
Rc(t)  is  allowed  to  adjust  according  to  Eq.  10.  As  before. 
SP  is  Ihe  sleep  propensity,  the  circadian  component  of 
sleep  intensity.  Parameter/is  the  amplitude  of  feedback 
in  the  original  model  and  R,t)  is  the  current  reservoir 
balance.  Ihe  exact  value  of  /  is  adjusted  to  a  slightly 
higher  value  (0.00312)  when  implementing  Eq.  10  to 
ensure  that  a  person  getting  8  h  of  sleep  per  day  is  in 
balance.  Based  on  the  SDR  study,  the  limit  of  SI  is 
reduced  to  3.4  units  per  minute.  In  addition,  Eq.  10  is 
constrained  so  that  when  Rc  is  restored  it  may  not 
exceed  the  full  capacity  of  2880,  as  represented  in  the 
original  version  of  the  model.  No  changes  to  Rc  occur 
during  awake  periods.  Good  fils  to  data  are  achieved 
with  constants  about  equal  to  Ihe  following: 


k,  =  0.22,  down-regulation  time  constant 

k2  =  0.5,  the  reference  level  for  SI  regulation  (note: 
normal  sleep  averages  one  SI  unit  per  minute  of  sleep) 

k3  =  0.0015,  recovery  time  constant. 

Eq  10  functions  as  follows:  the  first  expression  within 
brackets  becomes  negative  when  SD  exceeds  k.  and 
down-regulates  Rc  according  to  the  rate  constant  k,. 
when  SD  is  less  than  k2,  then  the  second  expression 
within  brackets  tends  to  gradually  restore  Rc  according 
to  the  rate  constant  k3.  Jointly,  this  expression  lends  to 
dowm-regulate  Rc  when  sleep  intensity  is  high  (>  k,) 
and  to  restore  Rc  when  sleep  intensity  is  low  (<  k2). 
Dunng  a  normal  8-h  period  of  sleep,  Rc  Is  down-regu¬ 
lated  slightly  and  is  restored  by  Ihe  end  of  file  night 
During  prolonged  periods  of  restricted  sleep,  Rc  is 
down-regulated  more  than  it  is  restored  so  that  a  grad¬ 
ual  shift  in  the  reservoir  "set  point"  occurs  It  we  think 
of  SD  as  a  measure  of  "sleepiness,”  then  this  process 
tends  to  reduce  sleepiness  by  reducing  Ihe  difference 
between  the  current  reservoir  level  and  the  reservoir 
capacity  or  "set  point."  During  periods  of  restricted 
sleep,  performance  tends  to  be  more  severely  degraded 
(compared  with  the  original  model)  because  the  reser 
voir  reaches  equilibrium  at  a  reduced  sot  point.  During 
recovery  sleep,  performance  recovers  more  slowly 
(compared  with  tire  original  model)  because  both  the 
level  of  the  reservoir  and  the  reservoir  capacity  must  he 
restored. 

llie  heavy  lines  in  Fig.  5  are  the  predictions  of  the 
modified  SAFTE  Model  optimized  for  average  cogni 
live  throughput  and  using  the  parameters  listed  above 
for  Eq.10.  This  version  of  SAFTE  makes  identical  pre¬ 
dictions  for  total  sleep  deprivation,  so  the  results  in  Fig. 
3  are  unchanged.  The  R2  for  this  fit  to  the  mean  cogni¬ 
tive  performance  observed  in  the  SDK  study  is  0.94. 

Fig.  6  displays  the  average  PVT  speed  from  the  same 
study  shown  in  Fig.  5  (7).  I  he  lines  in  Ihe  figure  indicate 
the  predictions  of  the  revised  SAFTE  Model  optimized 
for  average  PVT  speed  K2  =  0.94).  Results  are  shown  for 
the  baseline,  seven  experimental  days  (E1-E7),  and  the 
three  recovery  days  (R1-R3).  Note  that  compared  with 
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Fig.  5.  Fit  of  the  modified  SAFTE  Model  to  Ihe  average  cognitive 
performance  results  of  the  sleep  dose-response  study  bawd  on  actual 
sleep  durations  (61 
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average  cognitive  throughput,  PVT  speeds  tends  to  be 
more  severely  degraded  and  the  parameters  of  the 
SAI  IF:  Model  reflect  this  difference  in  sensitivity  of 
I’VT  speed  compared  with  general  cognitive  through 
put. 

DISCUSSION:  CRITICAL  ISSUES 

All  models  of  sleep  and  performance  have  shortcom¬ 
ings,  including  the  SAIT  I*.  Model.  The  importance  of 
those  limitations  depends  on  the  application.  Two  ma¬ 
jor  limitations  are  that  the  model  does  not  provide  an 
estimate  of  group  variance  about  the  average  perfor¬ 
mance  prediction  and  it  does  not  incorporate  any  indi¬ 
vidual  difference  parameters,  such  as  age,  moming- 
ness/ eveningness,  or  sleep  requirement  for  full 
performance.  ITiese  individual  characteristics  may  be 
relatively  unimportant  if  the  application  of  the  model  is 
lor  prediction  of  average  group  performance  or  for 
design  of  a  generic  schedule  to  be  used  by  an  entire 
work  force.  For  these  applications,  ordinal  predictions 
are  sufficient  to  decide  which  of  several  alternative 
schedules  is  best  or  to  decide  If  average  performance  at 
some  future  time  is  expected  to  be  at  an  acceptable 
level.  If  the  purpose  is  to  judge  a  particular  person's 
fitness  for  duty  against  some  criterion  level  of  perfor- 
mance  or  to  predict  the  level  of  performance  of  a  par¬ 
ticular  person  some  time  in  the  future,  then  greater 
fidelity  to  these  individual  variables  and  some  repre¬ 
sentation  of  the  amount  of  predictive  error  would  be 
valuable.  In  theory',  some  of  these  features  could  be 
added  to  the  model  based  on  the  available  literature. 
Other  features,  such  as  age  effects  and  individual  sleep 
requirements,  would  be  difficult  to  incorporate  without 
extensive  additional  research. 

1  he  performance  of  all  models  will  also  depend  on 
tlie  quality'  of  the  data  used  to  establish  the  sleep  history 
prior  to  the  period  of  prediction.  The  WRAIR  SPM 
model  was  designed  explicitly  to  use  actigraph  records 
of  sleep  and  wakefulness  as  the  basis  for  prediction.  The 
M°del  as  it  is  implemented  in  the  schedule 
prediction  tool,  the  Fatigue  Avoidance  Scheduling  Tool 
(FAST)  can  take  actigraph  data  as  input  to  the  predic¬ 
tion.  Nevertheless,  the  results  of  the  WRAIR  SDR  study 
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showing  slow  recovery  from  restricted  steep,  if  repli¬ 
cated  and  confirmed,  suggests  that  even  a  week  of  prior 
data  may  not  be  entirely  adequate  to  account  for  the 
long-term  effects  of  chronic  sleep  restriction.  Indeed, 
these  data  suggest  that  most  laboratory  studies  ot  sleep 
deprivation  or  sleep  restriction  may  he  flawed  because 
few  of  them  consider  the  possible  contamination  of  the 
results  by  chronic  sleep  deprivation  that  might  have 
preceded  the  laboratory  measurements,  especially  in 
college  students  who  have  often  served  as  the  subjects 
in  these  experiments. 

Military  applications  of  sleep  and  performance  mod¬ 
els  will  require  the  incorporation  of  algorithms  In  pu¬ 
li,  t  the  effects  of  pharmacological  countermeasures 
such  as  stimulants  to  extend  performance  or  sedatives 
to  enhance  sleep.  Some  preliminary  work  has  been 
done  to  nuxiel  the  effects  of  d-amphetamine  and 
modafinil  on  performance  in  the  SAFTE  Model  but  the 
incorporation  of  these  algorithms  into  a  user  tool  is 
somewhat  premature  Not  only  do  stimulants  tempo¬ 
rarily  improve  performance  in  the  face  of  sleep  depri 
vatinn  effects,  they  can  also  interfere  with  the  ability  to 
obtain  restful  sleep  during  the  period  of  their  arousal 
effects.  Any  complete  model  of  the  effects  of  stimulants 
must  represent  both  the  beneficial  effects  on  cognitive 
performance  and  the  temporary  detrimental  effects  on 
sleep  if  attempted  immediately  after  the  drug  adminis¬ 
tration.  Similarly,  any  model  that  attempts  to  represent 
•he  beneficial  effects  of  a  sedative  on  sleep  must  also 
represent  any  detrimental  cognitive  effects  that  follow 
drug  administration  if  performance,  instead  of  sleep,  is 
demanded  of  the  subject. 

Finally,  all  fatigue  models  presume  some  perfor¬ 
mance  metric  as  the  cardinal  standard  for  prediction, 
S>n\e  models  arc  explicitly  designed  to  predict  subjec¬ 
tive  alertness  as  measured  by  a  rating  instrument;  oth¬ 
ers  are  designed  to  measure  cognitive  performance.  For 
those  designed  to  predict  performance  changes,  some, 
like  the  WRAIR  SPM,  are  optimized  to  predict  reaction 
time  periormance  on  the  psychomotor  vigilance  task 
(PVT),  while  others  were  designed  to  predict  perfor¬ 
mance  throughput  (correct  answers  per  minute)  across 
a  battery  of  cognitive  tests.  Tire  SAFTE  Model  has  two 
sets  of  parameters  that  can  be  used  to  predict  either 
TVT  speed  or  average  cognitive  tliroughput.  Even  if  the 
P\  I  is  used  as  the  standard  test,  some  researchers  focus 
on  speed  and  others  focus  on  the  occurrence  of  lapses, 
i.e.,  unusually  long  reaction  times  that  may  represent 
brief  microsleeps  that  increase  in  frequency’ with  dura¬ 
tion  of  sleep  deprivation.  Fig.  7  shows  that  based  on  the 
SDR  data,  there  is  a  linear  relationship  between  lapse 
probability  and  the  inverse  of  cognitive  throughput  or 
P\T  speed.  Hence,  to  properly  test  a  cognitive  through¬ 
put  model,  such  as  the  SAFTE  Model  when  using  lapse 
data,  an  inverse  transform  of  the  prediction  is  neces¬ 
sary  W  ithout  such  a  transform,  one  finds  an  exponen¬ 
tial  relationship  between  cognitive  throughput  and 
lapse  probability,  and  this  nonlinearity,  if  not  adjusted 
for,  would  cause  an  increase  in  prediction  error  wilh 
increases  in  amount  of  sleep  deprivation.  Unfortu¬ 
nately,  an  inverse  transform  was  not  applied  to  the 
cognitive  throughput  predictions  for  two  of  the  scenar- 
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flp,.  7.  likelihood  of  lapse*  (in  llir  lAT  U  t  lmr.it  function  ■  '  tlw 
inverse  ill  effectiveness  pnidlclcd  by  the  SAlTf  Model  optimized  for 
I'Vl  speed  these  data  are  I  used  on  the  results  «>f  the  deep  ikne- 
respunse  study  |f>) 

ids  at  the  Seattle  Fatigue  and  Performance  Modeling 
Workshop  in  which  the  performance  metric  was  PVT 
lapses,  and  this  would  naturally  have  inflated  estimates 
of  prediction  error. 

It  may  not  be  possible  or  desirable  to  adopt  a  univer¬ 
sally  accepted  standard  for  performance  measurement, 
but  in  the  absence  of  a  standard,  great  care  must  be 
taken  when  applying  a  model  to  a  performance  metric 
distinct  from  the  one  used  to  design  the  model  Ulti¬ 
mately,  all  models  will  be  judged  by  their  ability  to 
make  useful  predictions  of  the  performance  of  greatest 
interest  to  the  user,  which  is  most  likely  not  going  to  be 
performance  on  a  standard  cognitive  test,  but  rather 
performance  of  some  job.  The  greatest  challenge  facing 
fatigue  modeling  is  how  to  bridge  this  gap  between 
laboratory  metrics  of  performance  and  performance  in 
the  natural  environment  of  work  and  war. 
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Storm  WF,  Eddy  DR,  Welch  CB,  Hickey  PA,  Fischek  ),  Cardenas 
R.  Cognitive  performance  following  premature  awakening  from  Zol¬ 
pidem  or  melatonin  induced  daytime  steep.  Aviat  Space  Environ  Med 
2007;  7S:I0-2IL 

ISackgruund:  The  Hypruitii:  zolpidem  and  I  he  hormone  melatonin 
worn  evaluated  ami  three  lly  compared  lor  their  effects  on  performance 
when  subjects  sleeping  under  llieir  inlluence  were  prematurely  awak¬ 
ened  irorn  daytime  sleep.  Method:  Non  sleep  deprived  volunteers  eight 
men  and  live  women!  received  single  oral  doses  of  5  or  1 0  mg  melatonin 
•Mel-5.-  Mel  10),  10  cir  20  mg  Zolpidem  lZol-10;  Zot-20),  or  pi.icebn 
immediately  before  retiring  al  i  3:00.  Performance  testing  and  subjective 
evaluations  occurred  prior  lo  dosing  and  following  forced  awakening  at 
15:00,  2  h  alter  dosing.  Results;  Compared  with  placebo,  on  being 
awakened  under  ZoS-20,  significant  performance  decrements  were  prev 
aleni  on  9  ot  10  cognitive  lasks,  including  grammatical  reasoning, 
mathematical  processing,  and  word  memory  .  Recovery  required  up  to 
6  h  post  awakening  for  the  more  complex  tasks.  Loss  of  coordination 
and  nausea  were  also  present  on  awakening  under  /ni  20.  On  being 
awakened  under  /ol-t0,  significant  but  relatively  less  se  vere  and  shorter 
duralinn  performance  decrements  occurred  lor  4  of  the  10  tasks  and 
mcovered  by  4  h  (Kist-awakening.  Under  Mel-5  or  Mel- 10,  performance 
decrements  seldom  occurred  and  were  considerably  less  seven-,  brieter, 
and  less  system, iln  than  lor  zulpidcnt.  Conclusion:  findings  indicated 
that  when  operational  (tcrsonnel  sleeping  with  the  aid  ol  either  10  or  20 
mg  zolpidem  are  prematurely  awakened,  il  would  be  prudent  to  eval 
uate  then  general  well  being  and  possible  need  for  assistance  prior  to 
their  being  permitted  tn  deparl  crew-rest  nr  to  pennrm  tasks  and  duties. 
In  contrast,  we  found  Hide  to  no  evidence  of  deteriorated  well  being  nr 
need  for  assistance  when  awakened  while  sleeping  under  the  influence 
uf  melatonin. 

Keywords;  it-aclion  time,  memory,  problem  solving,  multiple  tasking, 
postural  sway,  fatigue,  sleepiness. 


MILITARY  RLQUIRLM FNTtj  enn  involve  sus¬ 
tained  around-the-clock  operations,  long-dura¬ 
tion  missions,  quick-tum  forays  and  sortie  surges, 
global  deployments,  and  bare-base  operational  and  liv¬ 
ing  environments.  During  these  and  other  demanding 
operations,  combat  and  support  personnel  must  often 
take  advantage  of  rest  opportunities  at  atypical  times  of 
tlie  day,  out  of  sync  with  the  body's  internal  circadian 
clock,  and  under  less  than  ideal  environmental  condi¬ 
tions,  resulting  in  delayed,  shortened,  and  restless 
sleep.  Hie  physical  and  psychological  restoration  ac¬ 
quired  under  these  impoverished  sleeping  conditions  is 
often  insufficient  for  maintaining  optimal  or  even  ade¬ 
quate  performance  efficiency.  In  such  cases  a  sleep- 


promoting  medication  may  be  prescribed  to  provide  a 
more  recuperative  rest. 

Zolpidem  tartrate  (Ainbien  \  Sanofi-Aventis,  Bridge- 
water,  NJ)  is  one  of  three  hypnotic  compounds  ap¬ 
proved  by  the  USAF  Surgeon  General  (25)  for  use  to 
promote  sleep  in  aircrews  and  special  duty  personnel 
that  must  acquire  pre-mission  crew  rest  under  adverse 
and  demanding  operational  situations  (the  two  other 
USAF-approvcd  sleep-aids  are  temazepam  and  2ale- 
plon).  Prior  to  reporting  for  airborne  missions,  USAF 
aircrews  are  required  by  regulation  to  receive  12  h  of 
inviolate  crew  rest,  during  which  they  must  he  afforded 
the  opportunity  for  at  least  8  h  of  uninterrupted  sleep. 
When  approved  for  use  by  the  unit  commander  and 
flight  surgeon,  the  recommended  therapeutic  dose  of  10 
mg  zolpidem  may  be  taken  no  less  than  6  h  before 
reporting  for  the  scheduled  crew  dutv  dav  and  mission. 
Zolpidem's  pharmacokinetic  profile  makes  its  desig¬ 
nated  application  during  the  regulated  12-h  aircrew  rest 
periods  effective  and  safe.  Peak  plasma  concentrations 
are  reached  1 .0-1 .5  h  after  ingestion  and  the  elimination 
half-life  is  2.0-23  h. 

Decisions  on  the  use  of  zolpidem  to  enhance  the 
restorative  value  of  sleep  during  crew  rest  must  weigh 
the  benefits  and  risks  given  the  nature  of  the  military 
operation,  the  condition  of  the  personnel,  the  sleeping 
environment,  and  the  likelihood  that  the  sleep  could  be 
interrupted  while  under  the  influence  of  zolpidem. 
Studies  seldom  find  residual  effects  following  an  unin¬ 
terrupted  night's  sleep  or  an  extended  daytime  sleep 
period  with  10  or  20  mg  zolpidem  (3,16,17).  However, 
emergency  and  contingency  situations  can  arise  during 
intense,  sustained  military  operations  like  those  de- 
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scribed  above  that  require  sleeping  personnel  be  awak¬ 
ened  prior  to  completion  of  their  allotted  rest  period. 
The  sedation  induced  by  zoipidem  is  the  result  of  cen¬ 
tral  nervous  system  depression  and  personnel  may  be 
ineffective  until  the  soporific  effects  of  tire  compound 
wear  off.  Cognitive  performance  has  consistently  been 
found  to  be  impaired  when  zoipidem  is  present  at  peak 
or  near-peak  plasma  levels  during  the  immediate  hours 
following  ingestion  (4,23,27).  However,  tire  use  of  20 
mg  zoipidem  in  some  operational  situations  continues 
to  be  an  option  of  interest.  Researchers  at  tire  Walter 
Reed  Army  Institute  of  Research  have  compared  zoipi¬ 
dem  dosages  in  a  series  of  studies  and  concluded  that 
20  mg  of  zoipidem  may  be  required  to  significantly 
improve  daytime  sleep  in  "non-sleep-conducive"  envi¬ 
ronments  in  non-sleep-deprived  healthy  voung  adults 
(2,28).  hr  addition  researchers  and  flight  surgeons  at  the 
Air  Force  Research  Laboratory  and  tire  USAF  School  of 
Aerospace  Medicine  continue  to  receive  inquiries  re¬ 
garding  the  potential  use  of  20  mg  zoipidem  in  the  field. 

Tire  naturally  occurring  hormone  melatonin  is  an¬ 
other  sleep-inducing  compound  that  has  received  wide¬ 
spread  public  acceptance  as  a  safe,  non-prescriptive 
means  to  induce  sleepiness  with  doses  typically  of  3-10 
mg.  It  has  a  pharmacokinetic  profile  comparable  to 
zoipidem.  Tire  mean  peak  plasma  level  tor  a  daytime 
dose  occurs  about  an  hour  after  ingestion  and  the  elim¬ 
ination  halt-life  is  about  2—3  h  across  a  wide  variety  of 
doses.  Unlike  zoipidem  and  other  hypnotic  compounds 
melatonin  does  not  promote  sleep  by  central  nervous 
system  depression.  As  Caldwell  (5)  points  out  in  her 
pragmatic  review  of  aero  medical  considerations  in  the 
use  of  melatonin,  hypnotics  like  zoipidem  force  sleep  to 
occur,  whereas  melatonin  acts  as  a  soporific,  allowing 
sleep  lo  occur.  Melatonin  has  short-lived  or  no  impact 
on  cognitive  performance  and  an  almost  complete  ab¬ 
sence  of  side-effects  (5,18).  However,  the  fact  that  mel¬ 
atonin  is  manufactured  as  an  over-the-counter  dietary 
supplement  without  Food  and  Drug  Administration 
regulated  safety  trials,  quality  control  standards,  or 
dosage  recommendations  remains  a  critical  concern 
and  a  primary  factor  in  its  not  being  considered  for 
regulated  use  by  U.S.  military  personnel.  Nev  ertheless, 
melatonin  remains  an  interesting  and  enticing  alterna¬ 
tive  to  hypnotics  as  a  means  ot  enhancing  daytime 
sleep.  Field  experiments  by  researchers  at  the  U.S. 
Army  Aeromedical  Research  Laboratory  and  Defence 
Research  and  Development  Canada-Toronto  have  dem¬ 
onstrated  the  potential  operational  utility  of  melatonin 
as  a  daytime  sleep  aid  during  actual  rapid  deployment 
and  global  airlift  operations  (6,20). 

The  current  study  was  designed  to  evaluate  and  di¬ 
rectly  compare  the  magnitude  and  duration  of  the  ef¬ 
fects  ot  the  hypnotic  zoipidem  (10-  and  20-mg  doses) 
and  tlte  hormone  melatonin  (5-  and  10-mg  doses)  on  a 
broad  range  of  cognitive  and  physical  performance 
measures  in  an  operationally  relevant,  sudden-awaken¬ 
ing  paradigm.  Performance  was  assessed  immediately 
following  premature  awakening  from  daytime  sleep  2  h 
after  ingestion  of  a  single  oral  dose  of  zoipidem  or 
melatonin  administered  on  the  assumption  of  an  unin¬ 
terrupted  sleep  period  of  about  7-9  h.  Awakening  was 


timed  to  occur  when  the  zoipidem  or  melatonin  would 
be  at  peak  or  near-peak  plasma  levels. 

METHODS 

Participants 

There  were  13  volunteer  participants,  5  women  and  8 
men  (mean  age  28.0  yr,  range  21-42  yr),  who  completed 
all  5  sessions  of  the  study.  A  total  of  lb  volunteers 
initiated  participation  in  the  study,  but  midway 
through  data  collection  3  withdrew;  one  for  illness  un¬ 
related  to  the  study  and  two  for  personal  reasons.  Par¬ 
ticipants  were  medically  examined  (including  blood 
chemistry  and  liver  function)  by  a  qualified  medical 
practitioner  knowledgeable  with  the  objectives  and  re¬ 
quirements  of  the  study.  Volunteers  were  thoroughly 
briefed  on  the  possible  risks  and  discomforts  associated 
with  participation.  Volunteers  with  evidence  oi  any 
current  significant  illness,  sleep  abnormalities,  use  of 
tobacco,  or  excessive  use  of  caffeme  or  alcohol  were  not 
allowed  to  participate.  Women  who  were  pregnant  or 
attempting  to  become  pregnant  were  excluded.  Female 
participants  were  given  a  urine  pregnancy  test  imme¬ 
diately  prior  to  each  experimental  session.  Participants 
gave  written  informed  consent  before  participating  and 
were  paid  for  their  participation.  The  research  protocol 
was  reviewed  and  approved  in  advance  of  subject  re¬ 
cruitment  by  the  Brooks  City-Base  Institutional  Review 
Board  and  the  L'.S.  Army  5urgeon  General  Human 
Subjects  Research  Review  Board. 

Experimental  Design 

Die  study  was  conducted  using  a  repeated  measures 
design  with  two  wiLh in-subject  factors:  five  experimen¬ 
tal  sessions  and  nine  testing  blocks  during  each  session. 
Each  participant  experienced  five  drug  conditions,  one 
each  during  each  of  the  experimental  sessions.  The  five 
conditions  were  single  oral  doses  of  10  or  20  mg  zoipi¬ 
dem  (Zol-10  and  Zol-20),  5  or  10  mg  melatonin  (Mel-5 
and  Mel-10),  and  placebo.  Drug  administration  was 
randomized  and  double-blind.  The  experimental  ses¬ 
sions  were  each  20  h  in  duration  (11:00-07:00)  and 
separated  by:  at  least  6  d.  Participants  were  directed  not 
to  consume  alcohol  the  ev  ening  before  an  experimental 
session  and  to  obtain  a  normal  night's  sleep  prior  to 
each  session.  Subjects  participated  in  the  experimental 
sessions  in  groups  of  two  to  five.  On  each  of  3  d  prior  to 
participating  in  their  initial  experimental  session  each 
subject  received  a  3-h  training  session  with  the  amount 
of  training  on  each  performance  task  proportional  to 
task  complexity.  Subjects  were  trained  to  asymptotic 
performance  on  each  of  the  cognitive  tasks. 

Facility  and  Materials 

1  he  study'  was  conducted  in  the  Air  Force  Research 
Laboratory  Fatigue  Countermeasures  Lab  at  Brooks 
City-Base,  San  Antonio,  TX.  During  experimental  ses¬ 
sions  each  participant  was  assigned  to  a  private  room 
equipped  with  a  personal  computer  workstation  for 
testing,  a  bed,  and  a  private  bath.  Throughout  the  ex¬ 
perimental  sessions  the  participants  were  always  under 
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the  direct  observation  of  research  personnel  or  know¬ 
ingly  monitored  from  a  central  control  station  by  closed 
circuit  television,  excluding  of  course  the  private  baths. 

1  ving  down  or  napping  were  never  permitted  except 
for  the  scheduled  2-h  sleep  period  integral  to  the  study. 
While  the  objective  of  this  study  was  not  to  evaluate  the 
efficacy  of  zolpidem  and  melatonin,  sleep  was  moni¬ 
tored  and  scored  polysomnograpicallv  (PSC.)  to  docu¬ 
ment  time  slept  durmg  the  2-h  sleep  periods  (21).  Total 
sleep  time  was  assessed  using  the  Stellate  Harmonic 
software  (Stellate  Systems,  Inc.,  Montreal  Quebec,  Can¬ 
ada)  with  oversight  and  review  by  an  experienced  PSG 
scorer  blind  to  the  experimental  conditions. 

The  zolpidem,  melatonin,  and  placebo  doses  were 
acquired,  prepared,  coded,  and  randomly  assigned  by 
the  Inpatient  Pharmacy  at  USAF  Wilford  Hall  Medical 
Center.  One  gram  of  melatonin  powder,  manufacturing 
lot  number  QM0686-I,  with  an  assay  purity  of  96%, 
was  obtained  from  Spectrum  Laboratory  Products,  hie. 
of  New  Brunswick,  Nf.  The  melatonin  was  packaged 
using  a  standard  compounding  technique.  A  measured 
quantity  of  the  melatonin  powder  was  thoroughly 
mixed  with  a  known  amount  of  psyllium  fiber.  Portions 
of  the  resultant  mixture  were  weighed  to  ensure  that  5- 
or  10-mg  doses  ot  melatonin  were  measured  and  placed 
into  unmarked  gelatin  capsules.  Psyllium  was  also  used 
as  filler  for  the  doses  of  zolpidem  arid  placebo,  which 
were  also  individually  packed  in  the  same  identical 
gelatin  capsules  as  the  melatonin. 

Tests  and  Measure s 

Automated  neuropsychological  assessment  metrics 
(AN AM):  Five  cognitive  performance  assessment  tasks 
from  the  PC-based  ANAVi  battery  (22)  were  applied  in 
til  is  study.  The  five  tasks  required  a  total  of  about  18 
min  for  a  well-practiced,  alert  subject  to  complete  under 
baseline  conditions.  Response  times  and  correct  and 
incorrect  responses  were  recorded  and  used  to  calculate 
the  single  outcome  measure  "throughput"  (mean  num¬ 
ber  correct  responses  per  minute)  for  each  of  the 
ANAM  tasks  except  simple  reaction  time.  The  advan¬ 
tage  of  throughput  lies  in  the  fact  that  its  calculation  is 
a  fimction  of  both  the  accuracy  and  the  speed  of  the 
subject's  responses.  The  five  ANAM  tasks  were  per¬ 
formed  in  the  following  sequence  during  each  testing 
block. 

1.  Code  substitution  This  task  is  a  modification  and 
expansion  of  the  Digit  Symbol  Substitution  Test  (DSST) 
frequently  used  in  studies  assessing  hypnotics  and 
alertness  aids.  ANAM  code  substitution  consists  of 
three  phases  within  each  testing  block;  learning;  imme¬ 
diate  recall;  and  delayed  recall.  During  tile  learning 
phase,  which  is  similar  to  the  traditional  DSST,  the 
assigned  pairings  of  a  unique  symbol  with  each  of  the 
digits  1-9  are  presented  in  a  row  across  the  top  of  the 
monitor  screen.  The  subject  learns  the  pairings  as  he/ 
she  refers  to  them  to  determine  whether  individual 
"test-pairs"  presented  sequentially  at  the  bottom  of  the 
screen  correctly  match  one  of  the  assigned  pairings. 
Svmbol/digit  pairings  are  randomly  reassigned  for 
each  testing  block.  In  this  study  the  immediate  recall 
phase  was  administered  on  completion  of  the  learning 


phase,  and  the  delaved  recall  phase  occurred  about  12 
min  later  following  completion  of  the  four  other  ANAM 
tasks.  During  the  immediate  and  delayed  recall  phases 
only  test  pairs  were  presented  one  at  a  time  and  the 
subject  responded  as  to  whether  or  not  each  displayed 
pair  was  correct  or  incorrect  based  on  his/her  recollec¬ 
tion.  Tile  learning  phase  consisted  of  72  test-pair  pre¬ 
sentations,  immediate  recall  36,  and  delayed  recall  18. 

2.  Reaction  time  -  Simple  reaction  time  was  evaluated 
by  having  subjects  press  a  computer  mouse  key  in 
response  to  a  visual  stimulus  presented  at  a  centrally 
fixed  point  on  the  computer  screen.  Mean  reaction  time 
to  20  stimuli  (interstimulus  interval  of  650-1200  ms) 
presented  during  a  less  than  1-min  trial  was  the  out¬ 
come  measure. 

3.  Mathematical  processing  -  Each  problem  in  this 
task  included  two  mathematical  operations  (addition 
and/or  subtraction)  on  sets  of  three  single-digit  num¬ 
bers  (e.g.,  5  -I-  3  —  4  =  ?),  The  subject  was  instructed  to 
read  and  calculate  from  left  to  right  and  indicate 
whether  the  answer  was  greater  than  or  less  than  '5'  by 
pressing  one  of  two  specified  response  buttons  on  the 
mouse.  Trials  were  3  min  in  duration. 

4.  Grammatical  reasoning  -  t  he  subject  determined 
as  quickly  as  possible  whether  each  of  two  simple  sum¬ 
mary  statements  (e.g.,  &  follows  ’  and  0  precedes  ") 
correctly  described  the  sequential  relationships  among 
three  symbols  (e.g.,  &  ‘).  It  one  statement  was  true  and 
one  false,  one  response  was  correct;  if  both  statements 
were  true  or  both  were  false  an  alternative  response 
was  made.  A  trial  consisted  of  48  presentations. 

5.  Continuous  processing  -  Subjects  were  directed  to 
continuously  monitor  a  randomized  sequence  of  the 
numerals  0  through  9  presented  one  at  a  tune  in  the 
center  of  llie  screen  and  to  press  the  left  mouse  key  if 
the  numeral  currenth  on  the  screen  matched  the  nu¬ 
meral  that  immediately  preceded  it.  It  not  a  match  the 
right  mouse  key  was  pressed.  Trials  were  3  min  in 
duration.  (This  task  is  also  relerred  to  as  'running  mem¬ 
ory.') 

Synthetic  work  task:  "SynVVin:  A  Synthetic  Work  Pro¬ 
gram  for  Windows"  (11)  is  a  PC-based  four-component 
task  that  provides  a  generic  work  environment.  A  mem¬ 
ory  (Sternberg)  task,  an  arithmetic  task,  a  visual  moni¬ 
toring  task,  and  an  auditory  monitoring  task  were  pre¬ 
sented  simultaneously,  each  in  one  quadrant  ot  the 
screen.  ITie  subject  was  required  to  remember  and  clas¬ 
sify  items  on  demand,  perform  a  self-paced  task,  and 
ilUJiiiKu  ill u.1  icacl  Lo  Lnilli  visual  and  auditing  informa¬ 
tion.  A  composite  score  was  the  outcome  measure  for  a 
10-min  trial. 

Word  memory  task:  The  Williams  Word  Memory  Task 
provided  an  assessment  of  short-term  memory.  During 
the  immediate  post-awakening  testing  block  at  15:00, 
the  subject  listened  to  an  auditory  presentation  of  15 
recorded  words.  Each  word  was  spoken,  spelled,  and 
then  spoken  again.  The  subject  wrote  down  each  word 
as  it  was  presented.  On  completion  of  the  presentation, 
the  subject  studied  the  list  for  1  min.  The  written  list 
was  then  collected  and  the  subject  was  directed  to  im¬ 
mediately  recall  in  1  min  as  many  of  the  words  as 
possible  by  writing  them  on  a  fresh  paper  form.  De- 
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layed  recall  of  the  same  list  occurred  4  h  later  during  the 
third  post-awakening  testing  block  at  19:00.  The  num¬ 
ber  of  words  recalled  from  the  list  of  15  was  the  out¬ 
come  measure  for  this  task. 

Psyehomotor  Vigilance  Task  (PVT):  The  PVT  (Model 
PVT-192,  CVVE  Inc.,  Ardmore,  PA)  is  a  portable,  self- 
contained  visual  reaction  time  task  requiring  sustained 
attention  and  a  simple,  discrete  push-button  motor  re¬ 
sponse  to  each  signal,  which  was  the  onset  of  a  elapsed- 
time  digital  clock.  The  clock  appeared  within  a  well- 
defined  display  window  and  was  extinguished  and 
reset  to  zero  within  a  second  after  each  response.  Sig¬ 
nals  occurred  randomly  every  2-12  s.  Trials  were  10 
min  in  duration  and  the  outcome  measure  was  mean 
reciprocal  reaction  lime. 

Postural  sum/:  Postural  or  body  sway  was  assessed 
using  a  force  platform  that  measured  changes  in  the 
body's  center  of  pressure  over  Lime  (Platform  model 
OR6-5-1,  AMT1,  Watertown,  MA).  The  apparatus  resem¬ 
bled  an  oversized  home  bathroom  scale,  with  an  area  of 
approximately  18  by  20  in  and  a  height  of  3  in.  The  subject 
was  directed  to  stand  as  motionless  as  possible  while  1 
min  of  data  was  collected  for  both  eyes  open  and  eyes 
closed  conditions  at  a  sampling  rate  of  10  Hz-  The  ampli¬ 
tude,  velocity,  and  frequency  of  change  in  the  center  of 
pressure  reflected  the  participant's  ability  to  maintain  bal¬ 
ance.  An  elliptical  area  of  measurement  that  accounted  for 
95%  of  tlie  variation  in  the  center  of  changes  in  pressure 
provided  die  outcome  measure. 

Grip  strength:  Strength  was  measured  as  the  highest 
value  attained  of  two  grip  squeezes,  separated  by  1  nun, 
on  a  Sammons-Preston  Inc.  JAMAR  (Bolingbrook,  1L) 
hydraulic  hand  dynamometer. 

Sleepiness:  The  AN  AM  battery  offered  a  sleepiness 
scale  that,  while  a  modification  of  the  Stanford  Sleepi¬ 
ness  Scale  ( 14),  maintained  the  7-point  scale  rating  sub¬ 
jective  sleepiness  from  "1-very  alert,  wide  awake,  and 
energetic”  to  "7-very  sleepy  and  cannot  stay  awake 
much  longer.''  The  ANAM  sleepiness  scale  was  pre¬ 
sented  on  the  computer  monitor  as  die  first  item  of 
business  at  the  start  of  each  testing  block. 

Symptoms:  Participants  completed  a  73-item  paper 
and  pencil  symptom  checklist  at  die  end  of  eadi  testing 
block,  indicating  die  severity  (none,  some,  moderately, 
or  severely)  they  were  experiencing  for  each  symptom 
at  that  point  in  time. 

Procedures 

Tlie  standardized  testing  schedule  for  the  experimen¬ 
tal  sessions  is  presented  in  Table  I.  Participants  arrived 
at  the  laboratory  about  09:30,  allowing  time  lor  diem  to 
settle  into  their  rooms,  have  a  light  lunch  at  least  1  h 
prior  to  dosing,  and  for  the  PSG  electrodes  to  be  applied 
prior  to  the  first  (baseline)  testing  block  beginning  at 
11:00.  Except  for  including  die  word  memory  task  in  die 
15:00  and  19:00  blocks,  all  nine  testing  blocks  within  a 
session  were  identical,  beginning  at  the  top  of  an  hour, 
and  requiring  about  90  min  to  complete.  Drug  doses 
were  administered  2-3  min  before  13:00,  following 
which  the  participants  were  immediately  shepherded 
to  bed,  the  electrode  leads  attached  to  the  ambulatory 
recorder,  the  room  door  closed,  and  the  lights  turned 


TABLE  I.  EXPERIMENTAL  SESSION  TESTING  SCHEDULE. 


Start 

End 

Activity  /Task 

09:30 

11:<K) 

Arrival /prep/lunch 

11:00 

11:30 

ANAM" 

11:30 

12:1X1 

Synthetic  work 

12:00 

12:15 

Force  platform;  grip  strength:  vitals 

12:15 

12:30 

PVT’*;  symptom  survey 

12:30 

13:00 

Break/no  food 

13:00 

15:00 

Drug;  lo  bed 

15:00 

15:30 

ANAM:  word  memory:  memori7ahon 

15:30 

16:00 

Synthetic  work;  word  memory:  recall 

16:00 

16:15 

Force  platform;  grip  strength,  vitals 

16:15 

16:30 

PVT;  symptom  survey 

16:30 

17:00 

Hreak/snack 

17:1X1 

17:30 

ANAM 

17:30 

18:00 

Synthetic  work 

18:00 

18:15 

Force  platform;  gnp  strength;  vitals 

18:15 

18:30 

PVT:  symptom  survey 

18:30 

19:00 

Break, ’snack 

"ANAM:  Automated  Neuropsychological  Assessment  llatterv 

PVT:  Psychomotor  Vigilance  Task 

Subsequent  tesling  blocks  occurred  ai  19:IX),  21:00,  23:00,  01:1X1,  03:00, 
and  05:01).  A11  Hie  testing  blocks  were  identical  wiUi  one  exception- 
word  memory:  delayed  recall  ior  the  list  learned  in  the  15:00  session 
was  tested  during  the  19:00  session. 

off.  I  he  subjects  were  awakened  at  15:(X)  when  blood 
levels  of  the  experimental  doses  were  anticipated  to  be 
at  peak  or  near-peak  plasma  levels.  Tlie  subjects  were 
awakened  by  voice  instruction  over  the  intercom  sys¬ 
tem  and  simultaneous  turning  on  of  the  lights,  followed 
immediately  by  research  staff  entering  each  room  to  dis¬ 
connect  and  collect  tlie  ambulatorv  recorders  and  assist 
the  participants  as  needed  in  getting  the  15:00  testing 
block  underway  within  5  min  of  awakening.  Participants 
were  subsequently  tested  at  2-h  intervals  through  the  final 
ninth  testing  block  beginning  at  05:00.  Vital  signs  (BP, 
heart  rate,  and  oral  temperature)  were  monitored  once 
during  each  testing  block.  Participants  were  required  to 
make  arrangements  to  be  chauffeurcd  home  from  the 
laboratory  on  completion  of  eadi  testing  session. 

St  at  istieal  Aim  l  yses 

For  each  continuous,  normally  distributed  outcome 
measure,  a  repeated  measures  two-factor  analysis  of 
variance  (ANOVA)  was  performed  to  test  for  signifi¬ 
cant  drug  and  time  main  effects  and  drug  <  time  inter¬ 
actions.  A  Huyhn-Feldt  adjustment  was  made  to  the 
degrees  of  freedom  lor  tests  that  failed  Mauchley's  Test 
of  Sphericity.  To  reduce  excessive  post  hoc  testing,  a 
two-stage  process  was  applied  when  significant  drug  or 
drug  x  time  effects  were  detected.  First,  an  individual 
ANOVA  was  performed  at  each  time  point  to  compare 
tlie  five  drug  conditions.  Only  when  this  analysis  indi¬ 
cated  significance  were  Student's  paired  (-tests  used  to 
identify  specific  differences  between  the  various  drug 
conditions.  For  outcome  measures  where  non-normal¬ 
ity  was  suspected,  non-parametric  analyses  were  con¬ 
ducted  also  using  a  two-stage  process:  Friedman  tests 
as  an  initial  screen  for  significance  followed  by  VVil- 
coxon  signed-rank  tests.  Significance  testing  was  per¬ 
formed  at  tlie  0.05  « level.  For  tlie  tests  of  primary  interest 
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(post  hoc  comparisons  ot  the  drug  conditions),  the  final 
sample  of  13  participants  provided  an  83%  chance 
(power  —  0,83)  of  detecting  relatively  large  differences 
between  two  means  (i.e.,  effect  size  —  6.83  =  mean  differ¬ 
ence  div  ided  by  the  standard  deviation  of  the  difference) 
when  testing  at  the  two-tailed  0.05  «  level. 

RESULTS 

Self-report  sleep  logs  and  actigraphy  records  indi¬ 
cated  that  the  participants  were  rested  when  reporting 
for  the  testing  sessions,  averaging  8.2  h  of  sleep  on  the 
nights  immediately  preceding  the  experimental  ses¬ 
sions  (average  hours  slept  ranged  from  6. 8-9. 3  h).  The 
11:00  baseline  values  for  each  dependent  measure  were 
consistently  stable  across  the  five  testing  sessions,  dem¬ 
onstrating  that  the  subjects  were  trained  to  reliable 
asymptotic  levels  on  the  performance  tasks  and  sup¬ 
porting  procedures.  Missing  data  occurred  less  than  2% 
of  the  time  due  to  infrequent  technical  problems  and 
occasional  nausea  related  to  the  20-mg  zolpidem  con¬ 
dition.  To  facilitate  statistical  analyses,  estimates  were 
made  of  missing  data  based  on  the  average  of  corre¬ 
sponding  percent  changes  in  data  available  from  other 
subjects.  T  hree  subjects  when  awakened  at  15:00  under 
the  influence  of  20  mg  zolpidem  were  too  nauseated,  try 
though  they  did,  to  successfully  perform  all  of  the  cog¬ 
nitive  tasks  as  scheduled  tor  up  to  4  h.  To  minimize  the 
disruptive  impact  ot  the  nausea  and  emesis  caused  by 
the  20-mg  zolpidem  condition  in  these  and  to  a  lesser 
extent  other  subjects,  time  scheduled  tor  synthetic  work 
task  testing  during  the  15:00  and  17:00  testing  blocks 
was  sometimes  sacrificed  to  assure  the  completion  of 
other  tasks  and  procedures.  Nausea,  if  present,  sub¬ 
sided  considerably  4-6  h  after  being  awakened  and  all 
13  participants  completed  their  20-mg  zolpidem  ses¬ 
sion.  All  but  1  of  the  13  subjects  acquired  some  sleep 
under  each  of  the  treatments.  Including  this  subject 
there  were  eight  instances  in  which  sub|ects  were  not 
asleep  at  15:00;  three  under  placebo,  two  under  Mel-5, 
one  under  Mel-10,  and  two  under  Zol-10.  In  seven  of 
these  eight  instances  the  subjects  acquired  less  than  15 
min  of  sleep  in  each  2-h  sleep  period  Excluding  these 
seven  cases,  tine  range  for  time  slept  during  the  2-h 
sleep  periods  was  49.0-114.5  min  (median  =  93.0). 

Code  Substitution:  Learning 

A  significant  drug  x  time  interaction  was  detected 
for  throughput  performance  [p  =  0.002,  F  (10,117)  =  3.0, 
MSE  —  201.0;  Fig.  1  A).  For  the  15:00  test  block,  post  hoc 
paired-comparison  tests  indicated  performance  was 
significantly  poorer  under  Zol-20  than  under  each  of  file 
other  conditions.  At  17:00,  performance  under  Zol-20 
was  poorer  than  under  the  placebo  and  the  two  mela¬ 
tonin  conditions.  Performance  under  Zol-10  was  poorer 
than  under  the  placebo. 

Code  Substitution:  Immediate  Recall 

A  significant  drug  x  time  interaction  was  detected  for 
throughput  [p  ^  0.001,  F  (22,262)  =  2.5,  MSE  =  201.9;  Fig. 
IB],  At  15:00,  performance  was  significantly  poorer  under 
Zol-20  than  each  of  the  other  conditions.  Performance 


Time 

Fig.  1.  Code  substitution:  Ai  learning;  Hi  immediate  rrrall;  (')  delayed 
recall.  •  Significantly  !|>  0,05)  different  from  placebo. 


under  Mel-5  was  poorer  than  under  placebo.  At  17:00, 
performance  under  Zol-20  and  Zol-10  was  poorer  than 
under  placebo  and  both  of  the  melatonin  conditions. 

Code  Substitution:  Delayed  Recall 

A  significant  drug  X  time  interaction  was  detected 
for  throughput  (p  -  0.024,  F  (10,122)  -  2.2,  MSE  = 
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304.2;  Fig.  1C].  At  15:00  performance  was  significantly 
poorer  under  Zol-20  than  under  each  of  the  other  con¬ 
ditions.  At  17:00,  performance  under  Zol-20  and  Zol-10 
was  poorer  than  under  placebo  and  both  of  the  mela¬ 
tonin  conditions.  A  three-factor,  repeated-measures 
ANOVA  performed  across  the  three  code  substitution 
phases  (learning,  immediate  recall,  and  delayed  recall) 
did  not  detect  a  significant  drug  X  time  x  phase  inter¬ 
action,  indicating  immediate  recall  and  delayed  recall 
were  not  differentially  affected  by  any  of  the  drug 
conditions. 

Math  Processing 

A  significant  drug  X  time  interaction  was  detected 
for  throughput  |p  <  0.001,  E  (12,145)  -  4.2,  MSP.  =  46.9; 
Fig.  2).  At  15:00,  performance  under  Zol-20  was  poorer 
than  under  of  the  other  conditions.  At  17:00,  perfor¬ 
mance  under  Zol-20  was  poorer  than  under  each  of  the 
other  conditions  and  performance  under  Zol-10  was 
poorer  than  under  both  of  the  melatonin  conditions.  At 
19:00,  performance  under  Zol-20  was  poorer  than  under 
each  of  tire  other  conditions. 

G ram matical  R easoning 

A  significant  dnrg  effect  was  detected  for  throughput 
[p  =  0.024,  F  (2,23)  -  4.5,  MSE  =  92.4;  Fig.  3].  At  15:00, 
performance  under  Zol-20  was  poorer  than  under  each 
of  the  other  conditions.  Performance  under  Mel-5  was 
poorer  than  under  placebo.  At  17:00,  performance  un¬ 
der  Zol-20  was  poorer  than  each  of  the  other  conditions. 
Performance  under  Zol-10  was  poorer  than  that  under 
both  of  the  melatonin  conditions.  At  19:00,  performance 
in  the  Zol-20  condition  was  poorer  than  under  each  of 
tlte  other  conditions. 

Continuous  Processing 

A  significant  drug  x  time  interaction  was  detected  for 
throughput  |p  <  0.001.  P  (8,94)  =  4.0,  MSP  -  830.8;  Fig. 
4].  At  15:00  and  17:00,  performance  under  Zol-20  was 
poorer  than  under  each  of  the  other  conditions.  At 


Time 

Fig.  3.  Grammatical  reasoning.  •  Significantly  ip  '  O.US:  different 
Irom  placebo. 


19:00,  performance  under  Zol-20  was  poorer  titan  under 
placebo  and  both  of  the  melatonin  conditions. 

Simple  Reaction  Time 

No  statistically  significant  drug  or  drug  X  time  ef¬ 
fects  were  detected  for  simple  reaction  time  perfor¬ 
mance,  although  notable  increases  in  mean  reaction 
time  occurred  at  15:00  and  17:00  for  the  Zol-20  condi¬ 
tion  (Fig.  5). 

Synthetic  Work 

Loss  of  data  due  to  nausea  associated  with  the  Zol-20 
condition  along  with  technical  problems  with  this  task 
resulted  in  complete  data  being  available  from  only  6  of 
die  13  participants.  Analyses  of  the  composite  score 
variable  for  these  six  subjects  revealed  a  significant 
drug  X  time  interaction  [p  =  0.021,  F  (9,43)  =  2.5, 
MSE  =  3596586.1;  Fig.  6],  At  15:00,  performance  under 
Zol-20  was  poorer  than  that  for  placebo  and  the  two 
melatonin  conditions. 


Time 

Fig.  2.  Math  processing,  *  Significantly  ip  0.05  different  trnm 
placebo. 


Time 

Fig.  4.  Continuous  processing  *  Significantly  ip  i  0.05)  different 
from  placebo. 
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Time 

Fig.  5.  Simple  roactiun  linic  •  Signiiu  anllv  |i  v.  O.O'i .  different  from 
platcix). 

Psychomotor  Vigilance  Task 

The  drug  x  time  interaction  for  mean  reciprocal  re¬ 
action  time  was  marginally  significant  |p  =  0.056,  F 
(10,121)  =  1.87,  MSE  -  0.526;  Fig.  7].  At  15:00,  perfor¬ 
mance  under  Zol-20  and  Zol-10  was  poorer  than  that 
under  placebo.  At  17:00,  performance  under  Zol-20, 
Zol-10,  and  Mel-10  was  poorer  than  under  placebo. 

Postural  Sxvay:  Eyes  Open 

The  statistical  results  and  summary  data  for  the  eyes- 
open  and  eyes-dosed  conditions  were  von,-  similar  and, 
therefore,  only  findings  for  the  eyes-open  condition  are 
presented  graphically  (Fig.  8).  Significant  drug  x  time 
interactions  occurred  for  both  the  eyes-open  [p  _  0.018, 
F  (8,97),  MSE  -  25.4]  and  the  eyes-closed  |p  :£  0.001,  F 
(4,50)  =  5.2,  MSE  =  78.4 1  conditions.  At  both  15:00  and 
17:00,  for  both  eyes  open  and  eyes  closed,  body  sway 
was  greater  for  the  Zol-20  and  the  Zol-10  conditions 
than  for  placebo  and  both  of  Llie  melatonin  conditions. 

Crip  Strength 

A  significant  drug  x  time  interaction  ]p  -  0.004,  F 
(17,205)  =  2.3,  MSE  -  15.9;  Fig.  9|  was  found  for  tnax- 
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Time 

Fig.  6.  Synthetic  work.  *  Significantly  ip  £  0.05)  different  from  pla 
cebo. 


Time 

Fig.  7.  Psychomotor  vigilance  task.  •  Significantly  ip  -:  O.flSl  different 
from  placeiio. 


imum  grip  strength.  At  15:00,  performance  under 
Zol-20  was  poorer  than  under  placebo  and  Mel-10.  At 
17:00,  performance  under  Zol-20  was  poorer  than  under 
placebo,  Zol-10,  and  Mel-10.  Performance  under  Mel-5 
was  poorer  than  under  placebo. 

Sleepiness  Ratings 

Friedman  tests  detected  significant  differences 
among  the  drug  conditions  at  15:00  [y:  (4)  -  16.76,  p  = 
0.002],  17:00  (4)  =  17.01,  p  -  0.002],  and  01:00  (r 

(4)  ~  10.40,  p  =  0.034|  (Fig.  10).  At  15:00,  paired  com¬ 
parisons  found  ratings  under  Zol-20  to  be  higher  (i.e., 
sleepier)  titan  those  for  placebo,  Mel-5,  and  Zol-10.  At 
17:00,  ratings  under  Zol-20  were  higher  than  those  for 
placebo,  Mel-5,  and  Mel-10,  and  ratings  under  Zol-10 
were  higher  than  those  for  placebo  and  Mel-5.  Al  01:00, 
ratings  under  Zol-20  were  higher  than  those  for  Mel-5. 

Word  Menton/ 

Number  of  words  recalled  on  the  word  memory  test 
was  significantly  poorer  under  Zol-20  than  under  pla- 


Time 

Fig.  U.  Pnsuir.il  way:  ryes  open.  *  Significantly  p  £  0.05.1  different 
from  placebo. 
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DISCUSSION 

The  most  prominent  finding  was  the  consistent  arid 
orderly  performance  impairment  that  occurred  while 
under  the  influence  ot  Zol-20,  not  only  when  compared 
with  placebo,  but  also  to  the  Zol-10,  Mel-5,  and  Mel-10 
treatments.  Performance  impairment  under  Zol-20  was 
relatively  severe  immediately  following  awakening  at 
15:00  when  plasma  levels  were  estimated  to  be  consid¬ 
erably  elevated,  followed  by  gradual,  systematic  recov¬ 
ery  over  lire  subsequent  4-6  h  (19:00  21:00)  as  plasma 
levels  subsided.  Of  the  nine  cognitive  outcome  mea¬ 
sures  that  were  tested  at  2-h  intervals,  eight  demon¬ 
strated  significant  impairment  under  Zol-20  immedi¬ 
ately  following  awakening  at  2  h  post-dose  (15:00), 
seven  ot  those  eight  measures  at  4  h  post-dose  (17:00), 
and  three  of  those  seven  at  6  h  post-dose  (19:00).  Nota¬ 
ble  increases  in  ANAM  simple  reaction  time  at  2  and  4  h 
post-dose  under  Zol-20  were  not  statistically  different 
from  placebo.  Ihe  three  tasks  requiring  more  titan  6  h 
(i.e.,  beyond  19:00)  post-ingestion  for  performance  to 
return  to  normal  levels  under  Zol-20  were  the  more 
complex  cognitive  tasks  assessing  math  processing, 
grammatical  reasoning,  and  continuous  processing. 

Compared  with  Ihe  substantial  and  pervasive  disrup¬ 
tive  impact  of  Zol-20,  performance  impairments  were 
not  as  frequent,  systematic,  or  severe  when  the  subjects 
were  awakened  under  the  influence  of  Zol-10  and  Mel-5 
or  Mel-10.  Performance  under  Zol-10  was  impaired  on 
only  one  (PVT)  of  the  nine  cognitive  tasks  on  being 
awakened  at  2  h  post-dose,  but  impaired  cm  four  of  the 
tasks  at  4  h  post-dose  (PVT  and  the  three  code  substi¬ 
tution  tasks).  Paradoxically,  performances  on  the  three 
demanding  cognitive  tasks  that  were  impaired  for  more 
than  6  h  post-dose  under  Zol-20  were  not  at  any  time, 
including  testing  at  15:00  immediately  after  awakening, 
impaired  by  Zol-10.  Three  disjointed  instances  of  cog¬ 
nitive  performance  impairment  occurred  following 
awakening  under  the  influence  of  Mel-5  or  Mel-10. 
Code  substitution:  immediate  recall  and  grammatical 
reasoning  were  both  impaired  at  2  h  post-dose  for 
Mel-5,  and  PVT  performance  was  impaired  at  4  h  post¬ 
dose  for  Mel-10.  Significant  differences  in  cognitive  per- 
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Fig.  9.  (  trip  strength,  •  Significantly  ;p  0.05)  diiferent  irom  pla 


cebo  for  both  immediate  recall  at  15:00  [y*  (4)  =  18.93; 
p  ^  0.0011  and  delayed  recall  at  19:00  (y2  (4)  =  19.25; 
p  s  0.001  j.  Word-recall  performance  was  very  similar 
for  the  other  three  drug  treatment  conditions,  none  of 
which  differed  from  performance  under  placebo  at  im¬ 
mediate  or  delayed  recall,  The  mean  number  of  words 
recalled  from  the  15-item  word  lisis  under  each  condi¬ 
tion  at  immediate  recall  arid  delayed  recall  were,  re¬ 
spectively,  placebo:  8.3,  7.6;  Mel-5:  S.4,  7.2;  Mel-10:  8.2, 
7.6;  Zol-10:  7.2,  6.5;  and  Zol-20:  2.8,  2.2. 


Suvtptums 

Responses  to  the  73-item  symptom  checklist  were 
evaluated  for  the  initial  8  h  following  drug  ingestion  at 
13:00  (i.e.,  at  15:00,  17:00.  19:00,  and  21:00),  the  interval 
during  which  the  plasma  levels  were  assumed  to  go 
from  maximal  to  minimal  or  near-zero.  Within  this  time 
span  statistical  comparisons  were  performed  only  on 
symptoms  for  which  20%  or  more  of  the  subjects  expe¬ 
rienced,  under  at  least  one  of  the  five  conditions,  an 
increase  in  severity  compared  with  base  Line  at  11:00. 
I  he  percentages  of  subjects  reporting  increased  severity 
tor  each  of  the  16  symptoms  meeting  the  20%  criterion 
are  listed  in  Tabic  II.  Friedman  tests  followed  by  Wil- 
coxon  signed-rank  tests  were  performed  on  the  original 
severity-ratings  for  each  of  these  16  symptoms,  compar¬ 
ing  each  treatment  condition  to  placebo  within  each 
time  block.  Significant  increases  in  severity  occurred  for 
8  of  the  16  symptoms  under  Zol-10  and  Zol-20  at  either 
or  both  15:00  and  17:00  (Table  II).  At  19:00  "difficulty 
staying  awake"  under  Zol-10  was  the  only  symptom 
with  increased  severity'.  At  21:00  there  yvere  no  signifi¬ 
cant  findings  under  either  dose  of  zolpidem.  Statisti¬ 
cally  significant  increases  in  severity  did  not  occur  at 
any  time  for  either  of  the  melatonin  doses.  Although  tire 
percentages  presented  in  Fable  II  yvere  not  uniquely 
involved  in  the  calculation  of  the  Wilcoxon  tests  (Ihe 
tests  also  took  into  account  the  magnitude  of  the  differ¬ 
ences),  they  are  highly  related  to  the  test  outcomes  and 
provide  more  descriptiye  information  than  the  means 
of  the  signed  ranks. 
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Fig.  TO.  Sleepiness  ratings  •  Significantly  .p  s:  0.05)  rliiterenl  from 
placebo. 
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I  ABLE  II.  PHRCHN  r  OF  SUBJECTS  REPORTING  INCREASED  SYMPTOM  SEVERITY  RELATIVE  TO  BASELINE  KA  UNO 


Symptom 

15:00 

17:00 

Placebo 

Mel-5 

Mel- 10 

Zol-10 

Zol-20 

Placebo 

Mel-5 

Mel-10 

Zol-10 

Zol-20 

Blurred  vision 

0 

0 

0 

23 

15 

0 

<1 

0 

8 

8 

Chills 

s 

0 

8 

0 

15 

0 

0 

0 

0 

15 

1  .oss  of  coordination 

0 

a 

0 

25 

39* 

0 

0 

II 

15 

23 

Difficulty  concentrating 

H 

8 

0 

15 

46' 

8 

8 

1) 

8 

8 

Dirzv 

0 

a 

0 

31' 

15 

0 

(1 

1) 

31' 

8 

Drowsy 

0 

8 

23 

31' 

31' 

8 

15 

15 

31 

31 

Drugged  feeling 

31 

15 

15 

46 

69' 

15 

8 

8 

46 

39 

Drv  mouth 

8 

8 

0 

15 

23 

8 

8 

0 

H 

23 

Fatigue 

0 

0 

8 

15 

39 

8 

8 

8 

25 

31 

Difficulty  Incusing 

8 

15 

8 

39 

46 

15 

8 

8 

31 

39 

Headache 

15 

15 

0 

15 

31 

8 

15 

0 

23 

15 

light-headed 

15 

15 

8 

62' 

69* 

0 

8 

1) 

Z3 

31' 

Loss  of  balance 

0 

0 

0 

31* 

62* 

0 

(1 

0 

23 

46' 

Nausea 

8 

8 

0 

0 

23 

0 

8 

l) 

0 

23 

Difficulty  staying  awake 

0 

15 

8 

31' 

39* 

0 

31 

0 

46* 

3t* 

Stomach  cramps 

0 

0 

0 

0 

8 

0 

0 

0 

0 

23 

*  Significantly  (p  ^  0.05)  difleretU  lroin  placebo. 


formance  did  not  occur  at  or  beyond  S  h  post-dose 
(21:00-05:00)  for  any  of  the  treatments  when  compared 
with  placebo  or  to  each  other. 

The  findings  in  the  present  study  on  the  daytime 
effects  of  zolpidem  replicate  and  extend  the  results 
reported  in  previous  studies.  Greenblatt  et  al.  (12)  and 
Rush  and  Griffiths  (23)  independently  evaluated  day¬ 
time  dosing  with  10  and  20  mg  zolpidem  and  reported 
orderly  dose-  and  time-related  performance  impair¬ 
ments  similar  to  those  reported  here.  Wesensten  et  al. 
(27,28)  found  daytime  administration  of  15  mg  zolpi¬ 
dem  (but  not  5  or  10  mg)  to  slow  response  time  and 
impair  memory  on  being  awakened  1.5  h  but  not  6.0  h 
post-ingestion,  Berlin  et  al.  (4)  reported  impairment 
during  the  daytime  on  several  psychomotor  and  mem¬ 
ory  tasks  1.5  h  post-ingestion  of  10  mg  zolpidem  but  not 
4,  6,  or  8  h  after  administration. 

Results  of  studies  evaluating  tire  impact  of  zolpidem 
on  performance  when  administered  during  the  night¬ 
time  and  tested  on  morning  awakening  (26)  are  also 
relevant  to  the  present  findings.  Danjou  et  al.  (7)  and 
Hindmarch  et  al.  (13)  both  found  10  mg  zolpidem  to 
cause  significant  impairment  on  several  cognitive  tasks 
when  administered  5  or  fewer  hours  before  awakening. 
Troy  et  al.  (24)  reported  both  10  and  20  mg  doses  of 
zolpidem  caused  psvehomotor  impairment  when 
awakened  1.25  h  post-ingestion  with  tire  impact  greater 
for  20  than  10  mg.  Performance  impairment  persisted 
8.25  h  post-ingestion  tor  20  hut  not  10  mg  zolpidem.  In 
independent  studies  Bensimonet  al.  (3)  administered  20 
mg  zolpidem  and  Nicholson  and  Pascoe  (16)  10,  20,  or 
30  mg  zolpidem  at  bedtime.  Neither  found  cognitive 
performance  effects  on  awakening  after  9  h  of  uninter¬ 
rupted  nighttime  sleep. 

The  few  instances  in  the  present  study  of  perfor¬ 
mance  impairment  related  to  daytime  melatonin  ad¬ 
ministration  are  also  consistent  with  previously 
reported  findings  that  melatonin  seldom  impairs  per¬ 
formance,  and  then  only  shortly  and  briefly,  alter  dos¬ 
ing.  In  a  series  of  three  studies  that  progressively  eval¬ 
uated  smaller  and  smaller  daytime  doses  of  melatonin 
ranging  from  240  mg  to  0.1  mg  (8,9,15),  significant 


decrements  relative  to  placebo  occurred  infrequently 
and  within  1  or  2  h  post-ingestion.  Another  series  of 
laboratory  and  field  studies  evaluating  the  potential 
operational  utility  of  melatonin  as  a  daytime  sleep  aid 
has  been  reported  by  the  researchers  at  Defence  Re¬ 
search  and  Development  Canada  (18,19,20).  Compared 
with  placebo,  time-released  6  mg  melatonin  was  not 
associated  with  performance  impairment  on  any  of  a 
number  of  cognitive  tests  immediately  through  7  h 
post-ingestion,  whereas  significant  impairments  oc¬ 
curred  for  10  mg  zaleplon,  7.5  mg  zopidone,  anti  15  mg 
temazepam. 

Continuous  processing,  code  substitution,  and  word 
memory  each  involved  a  memory  component.  Working 
memory  was  impaired  by  20  mg  zolpidem  for  6  h 
post-dosing  as  evaluated  by  the  attention-demanding 
continuous  processing  task.  While  acquisition  of  mate¬ 
rial  was  impeded  by  the  presence  of  20  mg  zolpidem 
during  tire  learning  phases  of  the  code  substitution  and 
word  memory  tasks,  delayed  recall  performance  of  the 
material  that  was  learned  was  not  differential! v  im¬ 
pacted  by  the  drug  treatment  conditions  on  either  of  the 
tasks,  indicating  anterograde  amnesia  did  not  occur. 
Performance  on  the  word  memory  test  under  20  mg 
zolpidem  for  both  immediate  recall  at  15:00  and  de¬ 
layed  recall  4  h  later  at  19:00  was  significantly  poorer 
than  that  tor  placebo.  The  very  poor  word-recall  per¬ 
formance  at  15:01)  when  under  the  influence  of  20  mg 
zolpidem  was  likely  due  in  part  to  the  subjects'  inability 
to  concentrate  on  learning  tine  word  lists  because  of  the 
presence  of  symptoms  like  dizziness  and  nausea. 
Greenblatt  et  al.  (12)  also  found  daytime  doses  of  20  but 
not  10  mg  zolpidem  to  impair  initial  learning  on  a  word 
memory  test  administered  1.5  h  after  dosage,  but  unlike 
our  findings  they  reported  both  10  and  20  mg  zolpidem 
to  impair  delayed  recall.  Berlin  et  al.  (4)  found  10  mg 
zolpidem  to  impair  memon  1.5  h  after  ingestion.  Rush 
and  Griffiths  (23)  reported  5,  10,  and  20  mg  zolpidem 
per  70  kg  to  impair  in  a  dose-dependent  manner  de¬ 
layed  recall  and  recognition  of  pictures  studied  4  h 
earlier  at  1  h  post-dosing.  Wesensten  et  al.  (27)  demon¬ 
strated  anterograde  memory'  impairment  to  occur  for 
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material  acquired  when  under  the  influence  of  15  but 
not  5  or  ID  mg  zolpidem.  As  for  the  impact  of  daytime 
doses  of  melatonin  on  memory,  l.ieberman  et  al.  (15) 
found  a  240-mg  dose  of  melatonin  administered  hourly 
in  three  80-mg  doses  to  not  affect  immediate  recall  or 
delayed  recognition. 

Previously  we  have  found  assessment  of  postural 
sway  (10,29)  to  be  a  sensitive  indicator  of  the  general 
effects  of  fatigue  and  centrally  acting  compounds,  and 
that  was  also  the  case  in  the  present  study  for  10  and  20 
mg  zolpidem.  The  increase  in  postural  sway  through 
4  h  post-ingestion  while  plasma  levels  of  zolpidem 
were  estimated  to  be  elevated  aligned  with  the  cogni¬ 
tive  performance  impairment  and  the  relatively  high 
incidence  of  dizziness,  loss  of  balance,  and  lighthead¬ 
edness  reported  and  witnessed  during  that  interval  of 
time.  Berlin  et  al.  (4)  found  zolpidem  10  mg  to  signifi¬ 
cantly  increase  postural  sway  under  both  eves-open 
and  cyes-closed  conditions  at  1.5  h  after  morning  ad¬ 
ministration  but  not  later  at  4-8  h  post- ingestion.  In 
contrast  Allain  et  al.  (1)  reported  10  mg  zolpidem  in¬ 
gested  in  tire  late  evening  did  not  significantly  affect 
postural  sway  during  repeated  nighttime  testing  from 
0.5-10  h  post-administration.  We  also  found  20  mg 
zolpidem  but  not  10  mg  zolpidem  or  either  dose  of 
melatonin  to  reduce  grip  strength  up  through  4  h  post¬ 
ingestion  (a  significant  difference  in  grip  strength  be¬ 
tween  placebo  and  5  mg  melatonin  at  17:00  appeared  to 
be  the  result  of  a  spurious  elevation  in  performance 
under  placebo  rather  than  a  decrement  related  to  mel¬ 
atonin).  These  impairments  of  general  coordination  and 
physical  strength  suggest  personnel  may  not  be  capable 
of  caring  for  or  protecting  themselves  and  performing 
critical  physical  tasks,  even  if  well  practiced,  when  un¬ 
der  the  influence  of  peak  and  near-peak  plasma  levels 
of  10  or  20  mg  zolpidem. 

The  occurrence  of  relatively  higher  self-ratings  of 
sleepiness  compared  with  placebo  when  awakened  un¬ 
der  the  influence  of  10  and  20  mg  zolpidem  also  closely 
aligned  in  time  w  ith  the  incidences  of  significant  im¬ 
pairments  in  performance  for  these  treatments.  None  of 
the  other  drug  treatment  conditions  differed  horn  pla¬ 
cebo  at  any  time  after  being  awakened,  although  visual 
inspection  of  Fig.  10  suggests  tile  sleepiness  ratings  for 
all  five  conditions  were  elevated  to  some  degree  at  15:00 
by  sleep  inertia.  From  17:00—19:00  the  sleepiness  ratings 
generally  receded  toward  normal  afternoon  levels  with 
the  placebo  condition  leading  tire  wav.  The  ratings  "re¬ 
grouped"  into  a  single  cluster  around  21:0U -2d :0D  when 
any  drug  effects  would  have  dissipated  and  normal 
circadian  influences  were  taking  over  as  feelings  of 
sleepiness  again  increased  tlirough  file  late  evening, 
nighttime,  and  early  morning  hours. 

Some  of  the  symptoms  identified  in  Table  II  as  having 
increased  in  severity  on  being  awakened  while  under 
the  influence  of  10  or  20  mg  zolpidem  complement  the 
increase  in  sleepiness  ratings  reported  at  that  time.  So¬ 
porific  symptoms  such  as  fatigue,  drowsiness,  and  dif¬ 
ficulty  staying  awake  are  acceptable  and  even  desirable 
when  an  individual  is  expecting  to  sleep.  However, 
these  symptoms  in  combination  with  others  from  the 
checklist  such  as  difficulty  focusing,  loss  of  balance,  and 


nausea,  in  addition  to  volunteered  reports  of  feeling 
drunk  or  stoned  and  experiencing  hallucinations  would 
likely  create  an  unacceptable  and  unsafe  situation  in  an 
operational  setting  where  alertness  arid  decisiveness 
may  be  critical  following  an  unexpected  awakening. 

Conclusion 

This  study  evaluated  and  directly  compared  the  im¬ 
pact  of  tlie  hypnotic  zolpidem  and  the  hormone  mela¬ 
tonin  on  cognitive  performance  when  individuals  are 
prematurely  awakened  from  daytime  sleep  2  h  after 
ingestion  of  a  dose  that  would  be  administered  on  the 
assumption  of  an  uninterrupted  sleep  period  of  about 
7-9  h.  The  findings  for  the  recommended  therapeutic 
dose  of  10  mg  zolpidem  confirm  that  a  minimum  inter¬ 
val  of  6  h  is  required  from  the  time  of  ingestion  before 
cognitive  capabilities  are  fully  recovered.  The  pro¬ 
nounced  and  wide-ranging  performance  decrements 
under  20  mg  zolpidem  were  accompanied  by  impair¬ 
ments  in  balance  and  strength  and,  in  some  cases,  de¬ 
bilitating  nausea  and  emesis.  These  findings  strongly 
support  and  reinforce  previous  findings  that  if  and 
when  a  20-mg  dose  of  zolpidem  is  employed  to  pro¬ 
mote  sleep,  a  minimum  duration  of  8  and  perhaps  as 
long  as  10  h  is  required  to  ensure  full  recovery.  When 
personnel  sleeping  with  the  aid  of  cither  10  or  20  mg 
zolpidem  are  prematurely  awakened,  it  would  be  pru¬ 
dent  to  evaluate  their  general  well-being  and  possible 
need  for  assistance  prior  to  their  being  permitted  to 
depart  crew-rest  or  to  perform  tasks  and  duties.  In 
contrast,  cognitive  performance  decrements  related  to  5 
or  10  mg  melatonin  seldom  occurred,  and  then  without 
the  severity,  duration,  and  consistency  seen  under  zol¬ 
pidem.  Side  effects  and  symptoms  related  to  melatonin 
seldom  differed  from  placebo.  Melatonin  is  worthy  of 
additional  evaluation  and  consideration  as  a  sleep-aid 
alternative  to  hypnotics  for  promoting  daytime  sleep, 
particularly  when  uninterrupted  sleep  cannot  be  as¬ 
sured. 
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ABSTRACT 

Background:  This  laboratory  study  was  conducted  against  the  background  of  a 
hypothetical  one-week  sustained  airborne  operation  involving  three  simulated  24-hour 
missions  separated  by  16-hour  crew-rest  periods.  The  objective  was  to  determine  if  there 
is  a  best  combined  use  of  USAF-approved  hypnotic  and  alertness  medications  to, 
respectively,  maximize  the  quality  of  pre-mission  crew-rest  and  counteract  the  impact  of 
fatigue  on  aircrew  perfonnance  during  subsequent  long-duration  missions.  Method:  The 
study  evaluated  and  compared  the  overall  counter-fatigue  effectiveness  of  the  repeated, 
cyclic  use  of  the  hypnotics  temazepam  and  zolpidem  when  each  was  paired  with  the 
alertness  agents  dextroamphetamine  or  modafinil.  During  the  simulated  missions  a 
battery  of  cognitive  tests  assessing  problem  solving,  reasoning,  memory,  and  simple 
reaction  time  were  employed  to  assess  the  ability  of  the  four  drug-combinations  to 
counteract  the  deteriorating  effect  of  the  fatigue  generated  by  the  combination  of 
extended  duty  periods  and  associated  circadian  dysrthymia.  Sleepiness  and  mood  scales 
assessed  affect.  Sleep  during  the  rest  periods  and  maintenance-of-wakefulness-tests 
inserted  into  the  missions  was  evaluated  polysomnographically.  Results:  The  findings 
overwhelmingly  and  consistently  demonstrated  cognitive  perfonnance  and  subjective  affect 
to  deteriorate  under  the  placebo  condition  as  a  mission  progressed  in  time,  but  to  remain 
relatively  stable  or  decrement  little  both  within  and  across  the  three  missions  for  each  of  the 
four  drug-combination  conditions.  Statistically  significant  different  main  or  interactive 
effects  between  the  four  drug-combinations  were  very  rare  and  seemingly  random.  No 
consistent  findings  related  to  the  drug  conditions  were  statistically  detected  for  any  of  the 
sleep  metrics.  Conclusion:  The  combined  sequential  use  of  sleep-  and  alertness-aid 
medications  currently  approved  by  the  USAF  for  pre-mission  crew-rest  and  long-duration 
missions  significantly  extended  cognitive  perfonnance  during  a  simulated  surge.  There 
were  no  statistical  differences  among  the  four  drug-combinations  in  their  efficacy  to 
maintain  cognitive  perfonnance.  The  effects  of  the  drug-combinations  on  pre-mission  sleep 
quantity  and  quality  did  not  systematically  differ  from  each  other  or  the  placebo  condition. 
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OBJECTIVE 

Determine  if  there  is  a  best  combined  use  of  USAF-  approved  hypnotic  and 
alertness  medications  to,  respectively,  maximize  the  quality  of  pre -mission  crew-rest  and 
counteract  the  impact  of  fatigue  on  aircrew  performance  during  subsequent  long-duration 
missions. 

INTRODUCTION 

Fatigue  resulting  from  reduced  sleep  and  disrupted  circadian  rhythms  is  well 
established  to  cause  significant  decrements  in  cognitive  perfonnance  (Caldwell,  1997; 
Dinges  and  Kribbs,  1995).  In  the  military  aviation  enviromnent  fatigue  induced 
perfonnance  decrements  during  long  range  global  deployments,  bombing  missions  20-50 
hours  in  duration,  and  8-10  hour  combat  air  patrol  sorties  may  result  in  outcomes  ranging 
from  severe  crew  discomfort  to  mission  degradation  to  loss  of  crew  and  aircraft. 
Conservative  aircrew  fatigue  countenneasures  sometimes  prove  insufficient  to  counter  the 
effects  of  the  cumulative  fatigue  generated  by  extreme  sustained  and  long-duration  airborne 
operations.  In  these  critical  situations,  the  Air  Force  may  employ  the  controlled,  limited 
application  of  operationally  tested  phannaceuticals  to  enhance  aircrew  sleep  during  pre¬ 
mission  crew  rest  and  to  maintain  alertness  and  perfonnance  during  extended  airborne 
missions. 

Three  hypnotic  drugs  (temazepam,  zolpidem,  and  zaleplon)  and  two  alertness 
enhancing  drugs  (dextroamphetamine  and  modafinil)  are  currently  approved  for  controlled 
use  by  Air  Force  aircrews  under  well-defined  training  and  combat  conditions  that  require 
extended  wakefulness  during  extreme,  sustained  mission  durations  and  intense,  continuous 
surge  operations.  In  aircrew  parlance  the  hypnotics  are  referred  to  as  “no-go  pills”  and  the 
alertness  aids  as  “go  pills.”  Operationally,  no-go  and  go  pills  may  be  used  in  tandem  to 
counteract  the  fatigue  and  circadian  dysrhythmia  associated  with  sustained  and  continuous 
operational  requirements  -  a  single  no-go  dose  to  maximize  pre-mission  sleep  to  be  as  rested 
as  possible  for  the  upcoming  long  duration  mission  during  which  go  pills  may  be  taken 
periodically  to  maintain  alertness  and  perfonnance. 

Zolpidem  (Ambien®,  lOmg)  is  a  hypnotic  drug  approved  by  the  Air  Force  (AFI  48- 
123  and  ACC/SG  policy  letter  27  Sep  1999)  for  use  by  aircrew  as  a  sleep  aid  during  pre¬ 
mission  crew  rest.  The  Air  Force  directs  that  10  mg  zolpidem  must  be  taken  at  a  minimum 
of  six  hours  prior  to  reporting  for  duty  to  assure  clearance  and  no  hangover  effects. 
Operational  use  of  zolpidem  is  restricted  to  a  maximum  of  7  consecutive  days  and  no  more 
than  20  days  in  a  60-day  period  (AFMOA/CC  policy  letter,  25  Oct  2001).  Zolpidem  is 
approved  by  the  Food  and  Drug  Administration  (FDA)  for  short-tenn  treatment  of  insomnia. 
The  recommended  adult  dose  is  10  mg.  Zolpidem  is  a  strong  sedative  with  minor 
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anxiolytic,  myorelaxant,  and  anticonvulsant  properties,  and  has  been  shown  to  be  effective 
in  inducing  and  maintaining  sleep  in  adults  with  various  sleep  pathologies.  Studies  further 
document  that  zolpidem  produces  no  rebound  or  withdrawal  effects  and  study  subjects  have 
experienced  good  daytime  alertness  after  20  mg  doses  given  at  night.  Although  infrequent, 
the  most  common  side  effects  of  zolpidem  are  dizziness,  drowsiness,  nausea,  and  diarrhea. 
Peak  plasma  concentrations  are  reached  0.5  to  1 .0  hours  after  ingestion.  The  elimination 
half-life  averages  about  2.5  hours. 

Temazepam  (Restoril®,  15  mg  and  30  mg),  a  benzodiazepine  compound,  is  another 
hypnotic  approved  by  the  Air  Force  (AFI  48-123  and  ACC/SG  policy  letter  27  Sep  1999) 
for  use  by  aircrew  as  a  sleep  aid  during  pre-mission  crew  rest.  The  Air  Force  directs  that  a 
dose  not  to  exceed  30  mg  temazepam  must  be  taken  at  a  minimum  of  12  hours  prior  to 
reporting  for  duty  to  assure  clearance  and  absence  of  hangover  effects.  As  with  zolpidem, 
operational  use  of  temazepam  is  restricted  to  a  maximum  of  7  consecutive  days  and  no  more 
than  20  days  in  a  60-day  period  (AFMOA/CC  policy  letter,  25  Oct  2001).  Temazepam  is 
approved  by  the  FDA  for  short-term  treatment  of  insomnia,  providing  symptomatic  relief  of 
difficulty  in  falling  asleep,  frequent  nocturnal  awakenings,  and  early  morning  awakenings. 
Although  infrequent,  the  most  common  side  effects  are  dizziness,  drowsiness,  nausea,  and 
diarrhea.  It  has  an  elimination  half-life  of  8  hours  and  peak  plasma  concentration  at  1 .5 
hours. 

Dextroamphetamine  (Dexedrine®,  5mg  and  lOmg)  is  approved  by  the  Air  Force 
(AFI  48-123)  for  use  as  an  alertness  enhancer  in  both  single-pilot  fighter  and  dual-pilot 
bomber  long-duration  missions.  The  specific  applications  and  requirements  for  the 
operational  use  of  dextroamphetamine  are  presented  in  USAF/XO  message  20095  8Z  Feb 
01.  Dextroamphetamine  is  FDA  approved  for  the  treatment  of  excessive  daytime  sleepiness 
(narcolepsy)  and  attention  deficit  disorder.  The  usual  therapeutic  dose  is  5-60  mg/day  in 
divided  doses.  Occasional  side  effects  are  rapid  heart  rate,  elevated  blood  pressure, 
euphoria,  dizziness,  headache,  diarrhea,  and  dry  mouth.  Existing  data  indicate  that  10  mg 
doses  of  dextroamphetamine  provide  operationally  relevant  resistance  to  the  effects  of  sleep 
deprivation  in  aviation  contexts.  Air  Force  guidance  recommends  4-6  hours  between 
successive  doses  of  10  mg  dextroamphetamine,  and  a  limit  of  60  mg  per  24-hour  period. 
Retrospective  studies  on  the  use  of  dextroamphetamine  in  combat  operations  consistently 
report  extended  alertness  in  fatigued  aircrews  conducting  long-duration  missions,  with  no 
adverse  side  effects  or  a  need  to  continue  the  drug  after  typical  wake/sleep  schedules  were 
reinstated  (Comum,  Comum,  and  Storm,  1995;  Emonson  and  Vanderbeek,  1993;  Senechal, 
1988).  The  elimination  half-life  of  dextroamphetamine  is  12  hours.  Peak  plasma 
concentrations  occur  at  about  3  hours. 

Modafinil  (Provigil®,  100  mg  and  200  mg)  is  a  member  of  a  class  of  dmgs  called 
Eugregorics.  Eugregorics  mimic  the  alerting  effects  of  amphetamines  by  producing  high 
quality  wakefulness  in  sleep  deprived  subjects,  while  lacking  the  negative  side  effects 
sometimes  associated  with  amphetamines  (modafinil  is  a  schedule  IV  controlled  substance; 
dextroamphetamine  is  a  schedule  II  substance).  Cephalon  (1998)  received  FDA  approval  to 
market  modafinil  for  the  management  of  excessive  daytime  sleepiness  associated  with 
narcolepsy,  and  recently  for  treatment  of  shift-worker  sleep  deficit.  Modafinil  has  also  been 
approved  by  ACC/SG  for  use  by  aircrew  in  some  AF  operations  (2  Dec  03  Memorandum  - 
Modafinil  and  Management  of  Aircrew  Fatigue).  Initially,  the  normal  dose  for  AF 
operational  use  is  200  mg  orally  every  eight  hours  as  needed,  not  to  exceed  400  mg  in  24 
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consecutive  hours.  Preliminary  reports  from  the  field  have  suggested  that  for  24-hour  and 
longer  periods  requiring  continuous  wakefulness,  600  mg  per  24  hours  should  be  considered 
as  an  option.  It  has  been  consistently  demonstrated  in  several  studies  that  100  mg,  200  mg 
and  300  mg  of  modafinil  administered  either  in  single  doses  or  in  split  doses  at  four-  or 
eight-hour  intervals  significantly  enhances  cognitive  perfonnance  over  periods  requiring 
extend  alertness  (Bensimon,  Benoit,  Lacomblez,  Weiller,  Warot,  Weil,  and  Puech,  1991; 
Lagarde  and  Batejat,  1995;  Batejat  and  Lagarde,  1999;  Baranski,  Cian,  Esquivie,  Pigeau, 
and  Raphel,  1998;  Stivalet,  Esquivie,  and  Barraud  (1998).  Unlike  amphetamines,  100- 
300mg/day  modafinil  produces  a  long  lasting  waking  effect  with  minimal  concern  for 
behavioral  modification,  addictive  attributes,  adverse  symptoms,  or  sleep  rebound  effects 
(Lagarde,  Batejat,  Van  Beers,  Sarafian  and  Pradella,  1995;  Lin,  Hou,  Rambert,  and  Jouvet, 
1997;  Morehouse,  Broughton,  Fleming,  George,  and  Hill,  1997;  Warot,  Corruble,  Payan, 
Weil,  Puech,  1993).  Doses  of  400-800  mg/day  have  sometimes  generated  reports  of 
headache,  elevated  pulse  rate  and  blood  pressure,  dizziness,  and  sleep  rebound  (Caldwell, 
Caldwell,  Smythe,  and  Hall,  2000;  Batejat  and  Lagade,  1999;  Lagarde  and  Batejat,  1995; 
Buguet,  Montemayeur,  Pigeau,  and  Naitoh,  1995).  Modafinil  has  a  half-life  of  9-14  hours 
with  peak  blood  concentrations  2-4  hours  after  absorption,  making  it  a  prime  candidate  for 
operational  applications  (Wong,  Gorman,  McConnick,  and  Grebow,  1997). 

Under  current  concepts-of-operation  a  pilot  or  aircrew  may  be  required  to  perform 
a  sequence  of  back-to  back  long  duration  missions  (each  20-50  hours)  with  minimal  crew 
rest  (16-24  hours)  between  missions.  The  sequential  use  of  go  and  no-go  medications 
may  be  an  advisable  option  to  counteract  acute  and  cumulative  fatigue  during  such  an 
operation.  Laboratory  experiments  and  field  trails  have  evaluated  and  compared  the 
effects  among  either  no-go  or  a  go  agents,  but  not  the  impact  of  using  both  as  they  may 
be  applied  to  counteract  fatigue  during  a  sustained  high-tempo  operation.  The  B-1B 
exercise  Operation  Iron  Thunder  in  which  the  7th  Bomb  Wing  flew  114  sorties  over  three 
consecutive  days  emphasized  the  need  to  evaluate  the  combined  use  of  go  and  no-go 
medications  during  surge  operations.  The  study  reported  here  evaluated  and  compared 
the  overall  counter-fatigue  effectiveness  of  the  repeated,  cyclic  use  of  the  hypnotics 
temazepam  and  zolpidem  when  each  was  paired  with  the  alertness  agents 
dextroamphetamine  or  modafinil.  This  laboratory  study  was  conducted  against  the 
background  of  a  hypothetical  one-week  sustained  airborne  operation  involving  three 
simulated  24-hour  missions  separated  by  16-hour  crew-rest  periods. 

METHODS 

Participants 

Fifty  qualified  volunteer  subjects,  19  women  and  31  men  (18-45  years  of  age) 
were  screened  and  selected  to  participate  in  the  study.  Volunteers  were  thoroughly 
briefed  on  the  possible  risks  and  discomforts  associated  with  participation  and  medically 
examined  (including  blood  chemistry  and  liver  function)  by  a  qualified  medical 
practitioner  knowledgeable  with  the  objectives  and  requirements  of  the  study.  Volunteers 
with  evidence  of  any  current  significant  illness,  sleep  abnormalities,  use  of  tobacco, 
excessive  use  of  caffeine  or  alcohol,  or  being  excessively  over-  or  underweight  were  not 
selected  to  participate.  The  medical  examiner  reviewed  a  list  of  drugs  known  to  interact 
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with  those  being  evaluated  in  the  study  and,  therefore,  not  to  be  used  during  the  60  days 
prior  to  participation.  Qualified  participants  were  required  to  have  lived  on  a  typical 
diurnal  daily  schedule  (awake  during  the  day  and  sleeping  at  night  as  opposed  to  working 
on  a  night  or  rotating  shift  schedule)  for  the  30  days  preceding  the  start  of  the  study. 
Women  who  were  pregnant  or  attempting  to  become  pregnant  were  excluded.  Female 
participants  were  administered  a  urine  pregnancy  test  immediately  prior  to  each 
experimental  session.  Participants  gave  written  informed  consent  before  participating 
and  were  paid  for  their  participation.  The  research  protocol  was  reviewed  and  approved 
in  advance  of  subject  recruitment  by  the  Brooks  City-Base  Institutional  Review  Board 
(#F-BR-2003-0048-H),  the  United  States  Air  Force  Surgeon  General  Research  Oversight 
Committee,  and  the  United  States  Anny  Surgeon  General  Human  Subjects  Research 
Review  Board  (HSRRB  #A-9637.2).  The  FDA  issued  IND  70,181  in  support  of  the 
research  protocol. 

Facility  and  Materials 

This  study  was  conducted  at  the  Air  Force  Research  Laboratory  (AFRL/RHPG) 
Fatigue  Countenneasures  Lab  (FCL)  located  at  Brooks  City-Base,  Texas.  The  FCL  is  a 
unique  laboratory  and  habitat/isolation  facility  specifically  designed  for  scientific  study 
of  the  impact  of  wake/sleep  schedules  and  circadian  factors  on  human  performance  and 
physiology.  During  the  experimental  sessions  each  participant  was  assigned  to  a  private 
room  equipped  with  a  computer  and  desk  for  testing,  a  bed,  an  easy  chair,  and  a  private 
bath.  Throughout  the  experimental  sessions  the  participants  were  always  under  the  direct 
observation  of  research  personnel  or  knowingly  monitored  from  a  central  control  station 
by  closed  circuit  television,  excluding  of  course  the  private  baths.  Infra-red  capability 
allowed  monitoring  of  the  subjects  while  sleeping  in  the  darkened  rooms.  The  FCL  is 
equipped  with  a  small  kitchen  facility  comprised  of  refrigeration,  microwave  ovens,  and  a 
dining  area.  Meals,  snacks,  and  beverages  were  catered  to  the  FCL  daily  during  the 
simulated  sustained  operations. 

Controlled  drugs  were  managed  in  accordance  with  AFRL/RHP  01  44-102, 
“Research  Drug  Control.”  Facilities  within  AFRL/RHPG  and  the  FCL  comply  with  Drug 
Enforcement  Agency  and  U.S.  Air  Force  requirements  for  the  storage  and  maintenance  of 
Schedule  II-V  pharmaceuticals.  One  of  the  investigators  (DRE)  for  this  study  was 
registered  with  the  Drug  Enforcement  Agency  and  the  Texas  Department  of  Public  Safety 
and  certified  to  dispense  for  study  Schedule  II-V  drugs.  Drug  and  placebo  packaging  and 
blinding  were  performed  by  the  phannacy  staff  at  Wilford  Hall  Medical  Center  (WHMC) 
prior  to  the  beginning  of  the  study.  The  tablets  or  capsules  were  packed  in  standard  size 
gelatin  capsules  using  psyllium  as  filler.  The  capsules  were  red  in  color  for  the  hypnotics 
and  green  for  the  alerting  agents.  Adhering  to  the  experimental  design  described  in  the 
protocol,  the  WHMC  pharmacy  also  coded  and  randomly  assigned  the  doses  by 
participant  number  and  maintained  a  duplicate  record  of  the  assignments. 

Experimental  Design 

This  study  employed  a  repeated  measures  design  with  one  between-subjects  factor 
(5  drug  conditions)  and  two  within-subjects  factors  (3  simulated  missions  and  13  testing 
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blocks  within  each  mission).  The  five  drug  conditions  (4  Drug-Combination  conditions 
and  a  Placebo  condition)  are  described  in  Table  I.  Ten  subjects  were  assigned  to  each  of 
the  five  drug  conditions.  A  group  of  five  subjects  were  tested  in  each  experimental 
session,  with  each  of  the  five  drug  conditions  randomly  assigned  to  one  of  the  five 
subjects  in  each  group.  Aside  from  the  investigators  knowing  that  each  drug-condition 
was  represented  in  each  group  of  five  subjects,  double-blind  procedures  were  employed. 


Table  I 


Five  Conditions  of  Hypnotic,  Alertness,  and  Placebo  Agents 

12-Hour  Crew  Rest 
(single  dose) 

24-Hour  Mission 
(repeated  doses) 

Condition  1 
Condition  2 
Condition  3 
Condition  4 
Condition  5 

zolpidem- 10  mg 
temazepam-30  mg 
zolpidem- 1 0  mg 
temazepam-30  mg 
placebo 

dextroamphetamine-30  mg  (5mg  dose  every  4  hours) 
dextroamphetamine-30  mg  (5mg  dose  every  4  hours) 
modafmil-600mg  (100  mg  dose  every  4  hours) 
modafmil-600mg  (100  mg  dose  every  4  hours) 
placebo  (every  4  hours) 

Procedures 

During  selection  and  training  the  participants  were  given  considerable  orientation 
on  the  study  objectives  and  the  relevance  of  the  schedule  to  real-world  operations.  The 
importance  of  maintaining  standardized  procedures  and  performing  the  cognitive  tasks  as 
rapidly  and  accurately  as  possible  were  emphasized.  On  each  of  three  days  prior  to 
participating  in  their  assigned  experimental  session  each  subject  received  a  three-hour 
training  session  with  the  amount  of  training  on  each  performance  task  proportional  to 
task  complexity.  Subjects  were  trained  to  asymptotic  performance  on  each  of  the 
cognitive  tasks  and  became  proficient  on  the  procedures  for  transitioning  efficiently  from 
one  task  or  procedure  to  the  next.  Subjects  participated  in  the  experiment  within  2-3  days 
of  completing  the  nine  hours  of  training. 

The  experimental  sessions  were  each  composed  of  a  16-hour  baseline  phase,  a 
120-hour  simulated  operational  phase,  and  a  20-hour  recovery  phase  (Table  If).  An 
experimental  session  began  with  a  group  of  five  participants  reporting  to  the  FCL  at  2000 
(Day  0)  for  the  baseline  phase  which  consisted  of  a  baseline  sleep-adaptation  period  from 
2200-0600  and  baseline  testing  the  following  morning  (Day  1)  from  0800-1100.  The 
simulated  operational  phase  began  an  hour  later  at  1200.  The  operational  phase  consisted 
of  three  24-hour  “missions,”  each  preceded  by  a  16-hour  “pre -mission  crew  rest  period” 
[(16+24)x3=  120  hrs].  The  first  and  last  two  hours  of  each  of  the  16-hour  crew-rest 
periods  served  as  transition  intervals  between  being  “on  duty”  and  being  “in  crew-rest.” 
The  mid-twelve  hours  of  each  crew-rest  period  were  designated  as  inviolate  rest  periods 
during  which  the  subjects  could  sleep  as  desired  without  interruption.  Testing  blocks 
occurred  at  the  start  of  each  of  the  24-hour  missions  and  at  two-hour  intervals  thereafter, 
generating  13  testing  blocks  per  mission  (Table  11).  Testing  blocks  were  approximately 
15  or  50  minutes  in  duration,  being  short  for  those  that  assessed  only  a  selected  battery  of 
cognitive  functions  and  longer  for  those  that  also  included  other  cognitive,  physiological, 
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Table  II 

Wake/Sleep  and  Testing  Schedule  for  120-Hour  Simulated  Sustained  Operation 


Day  0 

Day  1 

Day  2 

Day  3 

Day  4 

Day  5 

Day  6 

0000/Slp 

0000/Slp 

0000  A, B  X 

0000  A,B  X 

0000/Slp 

0000  A,B  X 

0100/Slp 

0100/Slp 

0100 

0100 

0100/Slp 

0100 

0200/Slp 

0200  Mm 

0200  A,V,W 

0200  A,V,W 

0200/Slp 

0200  A,V,W 

0300/Slp 

0300 

0300 

0300 

0300/Slp 

0300 

0400/Slp 

0400  A, B  X 

0400  A,  B 

0400  A,B  X 

0400/Slp 

0400  A,B  X 

0500/Slp 

0500 

0500 

0500 

0500/Slp 

0500 

0600 

0600  A, Mr 

0600/Slp  Z 

0600  A 

0600/Slp 

0600  A 

0700 

0700 

0700/Slp 

0700 

0700/Slp 

0700 

0800  A, B 

0800  A,B  X 

0800/Slp 

0800  A,B  X 

0800/Slp 

0800  A,B  X 

0900 

0900 

0900/Slp 

0900 

0900/Slp 

0900 

1000  A,V 

1000  A, V,W 

1000/Slp 

1000  A, V,W 

1000  Mm 

1000  A,V,W 

1100 

1100 

1100/Slp 

1100 

1100 

1100 

1200  A,B 

1200  A, B  X 

1200/Slp 

1200  A, B  X 

1200  A, B  X 

1200  A,B 

1300 

1300 

1300/Slp 

1300 

1300 

ad  libitum  sleep  thru 

1400/Sip  Z 

1400  A 

1400/Slp 

1400  A 

1400  A,  Mr 

1500/Slp 

1500 

1500/Slp 

1500 

1500 

1600/Slp 

1600  A, B  X 

1600/Slp 

1600  A, B  X 

1600  A,B  X 

1700/Slp 

1700 

1700/Slp 

1700 

1700 

Report  to 

1800/Slp 

1800  A,V,W 

1800  Mm 

1800  A, V,W 

1800  A,V,W 

FCL 

1900/Slp 

1900 

1900 

1900 

1900 

2000/Slp 

2000  A, B  X 

2000  A, B  X 

2000  A,B 

2000  A,B  X 

2100 

2100/Slp 

2100 

2100 

2100 

2100 

2200/Slp 

2200/Slp 

2200  A 

2200  A, Mr 

2200/Slp  Z 

2200  A 

2300/Slp 

2300/Slp 

2300 

2300 

2300/Slp 

2300 

A 

B 

V 

Mm 

Sleepiness  Rating 

Synthetic  Work 

Vigilance  (PVT) 

Memory-memorize 

Slp=sleep  allowed 

Code  Substitution 

Postural  Sway 

Z=  no-go  pill  dose 

Reaction  Time 

POMS 

W 

Mr 

Cont  Processing 

Main.  Wakefulness 

Memory-recall 

Math  Processing 

X=  go  pill  dose 

Gramm  Reasoning 

(vital  signs) 
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and  subjective  factors.  The  20-hour  recovery  phase  began  immediately  on  completion  of 
the  third  mission  at  1200  (Day  6),  with  the  subjects  being  allowed  to  individually 
schedule  their  activities  and  sleep  within  the  FCL  as  desired  until  0600  the  following 
morning  (Day  7)  when  they  performed  a  final  testing  block  at  0800  and  departed  the 
FCL.  Sleep  acquired  during  the  crew-rest  periods  and  the  recovery  phase  was  evaluated 
polysomnographically. 

The  16-hour-off/24-hour-on  duty  schedule  was  purposefully  selected  for  two 
reasons  as  a  realistic  back-drop  for  simulation  of  the  temporal  aspects  of  an  airborne 
operational  surge.  First,  AFI1 1-2U-2V3  Physiological/Crew  Rest  Procedures  (1  March 
2000)  stipulates  a  minimum  of  12  hours  inviolate  crew -rest  is  required  allowing  for  a 
minimum  of  8  hours  of  uninterrupted  sleep/rest  prior  to  reporting  for  a  mission.  Second, 
the  repeating  40-hour  cycle  would  generate  circadian  disruption  as  the  participants 
progressed  through  the  three  missions,  compounding  the  fatigue  resulting  from  the  24- 
hour  duty  periods.  Although  this  schedule  confounded  elapsed  time-on-duty  with  time- 
of-day,  circadian  disruption  is  frequently  a  contributing  factor  in  generating  aircrew 
fatigue  and,  therefore,  was  integrated  into  the  design  of  the  study. 

At  the  start  of  each  of  the  three  12-hour  inviolate  rest  periods  each  participant  was 
administered  a  single  oral  dose  of  their  assigned  sleep-aid  (10  mg  zolpidem;  or  30  mg 
temazepam;  or  placebo).  Immediately  on  taking  their  sleep-aid,  subjects  were  required  to 
go  to  bed  with  lights  out  and  attempt  to  sleep.  If  still  awake  an  hour  after  retiring, 
subjects  were  free  to  engage  in  other  activities  in  or  out  of  bed  as  long  as  other  subjects 
were  not  disturbed.  This  procedure  met  the  AF  requirement  that  temazepam  be 
administered  no  later  than  12  hours  before  reporting  for  a  mission  and  standardized  the 
dosage  time  be  it  temazepam,  zolpidem,  or  placebo.  Participants  were  encouraged  to 
acquire  as  much  sleep  as  possible  during  the  crew  rest  periods,  but  allowed  to  engage  in 
other  activities  within  the  FCL  (reading,  television,  very  mild  exercise,  snacks, 
socializing  with  other  awake  subjects)  if  they  could  not  sleep.  Each  participant  was 
administered  their  assigned  alertness-aid  dose  (5  mg  dextroamphetamine;  or  100  mg 
modafinil;  or  placebo)  every  four  hours  (six  doses/mission)  beginning  at  the  start  of  each 
24-hour  mission. 

During  the  experimental  sessions  the  participants  were  allowed  to  consume  only 
food  and  drinks  provided  by  the  study  to  control  for  the  confounding  effects  of 
substances  like  caffeine  and  foods  known  to  interfere  with  the  action  of  some  of  the 
phannaceuticals  being  evaluated  (i.e.,  grapefruit  juice  and  green  tea  have  been  reported 
inhibit  the  metabolism  of  zolpidem).  Nutritious  hot  meals  were  provided  during  the 
transition  periods  at  the  start  and  the  end  of  each  crew-rest  period.  Selected  snacks,  light 
meals,  and  drinks  were  available  throughout  the  simulated  missions  and  crew-rest 
periods.  Lying  down  or  sleeping  were  never  permitted  except  during  the  scheduled  crew- 
rest  periods  integral  to  the  study.  The  participants  were  allowed  personal  time  in  their 
assigned  rooms  and  social  time  with  other  participants  in  a  common  day  room  or  the 
dining  area  during  lulls  between  testing  blocks  within  missions,  during  the  crew-rest 
periods  between  missions,  and  during  recovery. 
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Tests  and  Measures 

Automated  Neuropsychological  Assessment  Metrics  (ANAM).  Five 
cognitive  perfonnance  assessment  tasks  from  the  PC-based  ANAM  battery  were  applied 
in  this  study  (Reeves,  Winter,  Kane,  Elsinore,  Bleiberg,  2001).  ).  The  five  tasks  required 
a  total  of  about  18  minutes  for  a  well-practiced,  alert  subject  to  complete  under  baseline 
conditions.  The  dependent  measures  of  accuracy,  mean  reaction  time  for  correct  responses, 
and  throughput  (the  number  of  correct  responses  per  minute)  are  generated  for  each  of  the 
ANAM  Code  Substitution  Tasks,  Mathematical  Processing,  Grammatical  Reasoning,  and 
Continuous  Processing.  Only  reaction  time  measures  are  available  for  the  ANAM  Simple 
Reaction  Time  Task.  The  five  ANAM  tasks  were  perfonned  in  the  following  sequence 
during  each  testing  block.  1)  Code  Substitution  -  This  task  is  a  modification  and 
expansion  of  the  Digit  Symbol  Substitution  Test  (DSST)  frequently  used  in  studies 
assessing  hypnotics  and  alertness-aids.  ANAM  Code  Substitution  consists  of  three 
phases  within  each  testing  block;  Learning,  Immediate  Recall,  and  Delayed  Recall. 
During  the  Learning  phase,  which  is  similar  to  the  traditional  DSST,  the  assigned 
pairings  of  a  unique  symbol  with  each  of  the  digits  1-9  are  presented  in  a  row  across  the 
top  of  the  monitor  screen.  The  subject  leams  the  pairings  as  he/she  refers  to  them  to 
determine  whether  individual  “test-pairs”  presented  sequentially  at  the  bottom  of  the 
screen  correctly  match  one  of  the  assigned  pairings.  Symbol/digit  pairings  are  randomly 
reassigned  for  each  testing  block.  In  this  study  the  Immediate  Recall  phase  was 
administered  on  completion  of  the  Learning  phase,  and  the  Delayed  Recall  phase 
occurred  about  12  minutes  later  following  completion  of  the  four  other  ANAM  tasks. 
During  the  Immediate  and  Delayed  Recall  phases  only  test-pairs  are  presented  one-at-a- 
time  and  the  subject  responds  as  to  whether  or  not  each  displayed  pair  is  correct  or 
incorrect  based  on  his/her  recollection.  The  Learning  phase  consisted  of  72  test-pair 
presentations,  Immediate  Recall  36,  and  Delayed  Recall  18.  2)  Reaction  Time  -  Simple 
Reaction  Time  -  pressing  a  computer  mouse  key  in  response  to  a  visual  stimulus 
presented  at  a  centrally  fixed  point  on  the  computer  screen  -  was  evaluated.  Mean 
reaction  time  to  20  stimuli  (inter-stimulus  interval  of  650-1200  msec)  presented  during  a 
less  than  one-minute  trial  was  the  outcome  measure.  3)  Mathematical  Processing  -  Each 
problem  in  this  task  includes  two  mathematical  operations  (addition  and/or  subtraction) 
on  sets  of  three  single-digit  numbers  (e.g.,  5+3-4=?).  The  subject  is  instructed  to  read 
and  calculate  from  left  to  right  and  indicate  whether  the  answer  is  greater-than  or  less- 
than  ‘5’  by  pressing  one  of  two  specified  response  buttons  on  the  mouse.  Trials  were 
three  minutes  in  duration.  4)  Grammatical  Reasoning  -  The  subject  determines  as 
quickly  as  possible  whether  each  of  two  simple  summary  statements  (e.g.,  &  follows *  and 
# proceeds*)  correctly  describe  the  sequential  relationships  among  three  symbols  (e.g.  # 
&  *).  If  one  statement  is  true  and  one  false,  one  response  is  correct;  if  both  statements  are 
true  or  both  are  false  an  alternative  response  is  made.  A  trial  consisted  of  48 
presentations.  5)  Continuous  Processing  -  Subjects  are  directed  to  continuously  monitor 
a  randomized  sequence  of  the  numerals  0  through  9  presented  one  at  a  time,  one  per 
second,  in  the  center  of  the  screen.  Subjects  press  the  left  mouse  key  if  the  numeral 
currently  on  the  screen  matches  the  numeral  that  immediately  preceded  it  and  the  right 
mouse  key  if  there  is  not  a  match.  Trials  were  three  minutes  in  duration.  The  ANAM 
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battery  was  completed  at  the  start  of  each  mission  and  every  subsequent  test  block 
thereafter  (test  blocks  1  through  13). 

Synthetic  Work  Task.  “SynWin:  A  Synthetic  Work  Program  for  Windows” 
(Elsmore,  1996)  is  a  PC-based  four-component  task  that  provides  a  generic  work 
environment.  A  memory  (Sternberg)  task,  an  arithmetic  task,  a  visual  monitoring  task, 
and  an  auditory  monitoring  task  are  presented  simultaneously,  each  in  one  quadrant  of  the 
screen.  The  subject  is  required  to  remember  and  classify  items  on  demand,  perform  a 
self-paced  task,  and  monitor  and  react  to  both  visual  and  auditory  infonnation.  A 
composite  score  was  the  outcome  measure  for  a  10-minute  trial.  This  task  was  performed 
at  the  start  of  each  mission  and  at  four-hour  intervals  thereafter  (every  other  test  block), 
generating  seven  evenly  distributed  test  blocks  per  mission. 

Word  Memory  Task.  The  Williams  Word  Memory  Task  provided  an 
assessment  of  short-tem  memory.  At  the  end  of  the  12-hour  inviolate  rest-period  that 
preceded  each  mission  the  subject  listened  to  the  auditory  presentation  of  15  recorded 
words.  Each  word  was  spoken,  spelled,  and  then  spoken  again.  The  subject  wrote  down 
each  word  as  it  was  presented.  On  completion  of  the  presentation,  the  subject  studied 
his/her  list  for  one  minute.  The  written  list  was  then  collected  and  the  subject  was 
directed  to  immediately  recall  in  one  minute  as  many  of  the  words  as  possible  by  writing 
them  on  a  fresh  paper  form.  Delayed  recall  of  the  same  list  occurred  four  hours  later  at 
the  completion  of  the  second  test  block  of  each  mission.  A  new  list  was  used  for  each  of 
the  three  missions.  The  number  of  words  recalled  from  each  list  of  15  was  the  outcome 
measure  for  this  task. 

Psychomotor  Vigilance  Task  (PVT).  The  PVT  (Model  PVT-192,  CWE  Inc., 
Ardmore,  PA)  is  a  portable,  self-contained  visual  reaction  time  task  requiring  sustained 
attention  and  a  simple,  discrete  push-button  motor  response  to  each  signal  -  the  onset  of 
an  elapsed-time  digital  clock.  The  clock  appears  within  a  well-defined  display  window 
and  is  extinguished  and  reset  to  zero  within  a  second  after  each  response.  Signals  occur 
randomly  every  2-12  seconds.  Trials  were  10  minutes  in  duration  and  the  outcome 
measure  was  mean  reciprocal  reaction  time  (MMRT).  The  PVT  was  performed  three 
times  during  each  mission,  in  each  case  immediately  on  completion  of  the  Maintenance 
of  Wakefulness  Test  (described  below)  during  test  blocks  4,  8,  and  12. 

Postural  Sway.  Postural  or  body  sway  was  assessed  using  a  force  platform  that 
measures  changes  in  the  body’s  center  of  pressure  over  time  (Platform  model  OR6-5-1, 
AMTI,  Watertown,  MA).  The  apparatus  resembles  an  oversized  home  bathroom  scale, 
approximately  18  by  20  inches  in  area  and  3  inches  in  height.  The  subject  was  directed  to 
stand  as  motionless  as  possible  while  one  minute  of  data  was  collected  for  both  eyes  open 
and  eyes  closed  conditions  at  a  sampling  rate  of  10  Hz.  The  amplitude,  velocity,  and 
frequency  of  change  in  the  center  of  pressure  reflect  the  participant’s  ability  to  maintain 
balance.  An  elliptical  area  of  measurement  that  accounts  for  95%  of  the  variation  in  the 
center  of  changes  in  pressure  provides  the  outcome  measure. 

Polysomnography  (PSG).  Sleep  during  the  crew-rest  periods  was  monitored 
with  ambulatory  electro-physiological  equipment.  Electroencephalogram  (EEG)  signals 
were  acquired  from  the  C3-A2  and  the  Ol-Al  scalp  leads  of  the  International  10-20 
system  using  a  Stellate  Notta  ambulatory  recorder  system  (Stellate  Systems,  Inc., 
Montreal  Quebec,  Canada).  Electromyogram  (EMG)  and  electrooculogram  (EOG) 
signals  were  also  recorded.  In  total,  14  skin  surface  electrodes  were  applied  (6  scalp,  2 
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mastoid,  2  outer  canthi,  2  chin,  and  2  ground).  Sleep  onset  latency  (three  consecutive  30- 
second  epochs  of  stage  2  sleep),  total  sleep  time,  and  total  time  spent  in  each  of  the  five 
classic  stages  of  sleep  were  polysomnographically  detennined  using  the  Stellate 
Harmonie  software  (Stellate  Systems,  Inc.)  with  oversight  and  review  by  an  experienced 
PSG  scorer  blind  to  the  experimental  conditions  (Rechtschaffen  and  Kales,  1968)). 

Maintenance  of  Wakefulness  Test  (MWT).  Participants  were  evaluated  on  the 
MWT  three  times  during  each  mission  at  test  blocks  4,  8,  and  12  (respectively,  at  6,  14, 
and  22  hours  into  each  mission).  The  subjects  were  comfortably  reclined  in  the  easy 
chair  within  each  of  their  assigned  rooms  with  the  lights  very  dimly  lit.  They  were 
instructed  to  remain  awake  with  eyes  open  for  20  minutes  without  resorting  to 
extraordinary  means  (e.g.,  slapping  the  face  or  singing).  EEG  was  recorded  during  the 
test  from  the  same  sites  used  during  sleep.  If  sleep  was  polysomnographically 
determined  to  occur  the  time  of  sleep  onset  was  recorded. 

Sleepiness.  The  ANAM  battery  offers  a  sleepiness  scale  that,  while  a 
modification  of  the  Stanford  Sleepiness  Scale  (14),  maintains  the  original  seven-point 
scale  rating  subjective  sleepiness  from  “ 1-very  alert,  wide  awake,  and  energetic ”  to  “7- 
very  sleepy  and  cannot  stay  awake  much  longer .”  The  ANAM  sleepiness  scale  was 
presented  on  the  computer  monitor  as  the  first  item  of  business  at  the  start  of  each  of  the 
13  testing  blocks. 

Symptoms.  Participants  completed  a  73 -item  paper  and  pencil  Symptom 
Checklist  at  the  start  of  each  mission  and  thereafter  every  four  hours  indicating  the 
severity  {none,  some,  moderately,  or  severely)  they  were  experiencing  for  each  symptom 
at  that  point  in  time.  Subjects  completed  the  checklist  at  the  start  of  each  mission  and 
every  four  hours  thereafter. 

Affect.  Subjective  evaluations  of  mood  were  acquired  using  the  Profile  of  Mood 
States  (McNair,  Lorr,  and  Droppleman,  1971).  The  POMS  consists  of  a  listing  of  65 
adjectives  that  are  each  rated  on  a  five-point  scale.  A  standardized  "state"  measure  is 
generated  for  each  of  six  categories;  anger,  confusion,  depression,  fatigue,  tension,  and 
vigor.  A  POMS  survey  was  completed  at  the  start  of  each  mission  and  at  subsequent 
eight-hour  intervals  during  each  mission  (test  blocks  1,  5,  9,  and  13). 

Statistical  Analyses 

To  determine  the  appropriate  sample  size  for  this  study,  a  power  analysis  was 
based  on  the  post-hoc  oaired-comparisons  to  insure  that  there  would  be  sufficient  power 
to  identify  specific  differences  among  the  five  drug  conditions.  Based  on  procedures 
defined  by  Cohen  (1988),  when  testing  at  the  0.05  alpha  level  a  sample  of  10  subjects  per 
group  will  provided  a  78%  chance  (power)  of  detecting  a  large  effect  (i.e.,  an  effect  in 
which  the  standard  deviation  (sd)  of  the  group  means  is  0.5  the  magnitude  of  the  with  in  - 
group  sd).  If  the  means  were  even  more  dispersed  (for  instance,  with  an  sd  that  is  0.6 
times  the  magnitude  of  the  within-group  sd),  the  chance  of  detection  increased  to  92%. 

The  means  of  the  performance  measures  and  subjective  ratings  for  each  subject’s 
data  collected  during  the  three  testing  blocks  conducted  on  Day  1  at  0800,  1000,  and  1200 
just  prior  to  the  start  of  the  initial  pre-mission  rest  period  served  as  Baseline  reference  values 
to  which  all  subsequent  data  were  arithmetically  referenced  to  develop  “change-scores.” 
These  changes-scores  maintained  the  absolute  units  of  measurement  from  which  they  were 
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derived,  (i.e.,  the  derived  scores  are  not  percent  change  scores).  This  procedure  offered 
some  adjustment  for  any  initial  differences  among  the  groups  of  subjects  assigned  to  each  of 
the  five  drug-combination  conditions,  and  common  reference  points  for  each  group  at  the 
start  of  each  of  the  three  missions. 

Independent  within-mission-analyses  were  conducted  on  the  data  for  each  of  the 
three  missions,  thereby  avoiding  the  complexity  of  time-on-duty  being  confounded  with 
time-of-day  across  the  three  missions.  For  each  normally  distributed  outcome  variable,  a 
repeated  measures  analysis  of  variance  (ANOVA)  with  one  between-subjects  factor  (drug 
conditions)  and  one  within-subjects  factors  (testing  blocks  within  mission)  was  separately 
conducted  for  each  of  the  three  missions.  A  Huyhn-Feldt  adjustment  was  made  to  the 
degrees  of  freedom  for  tests  that  failed  Mauchley’s  Test  of  Sphericity.  To  reduce 
excessive  post  hoc  testing,  a  two-stage  process  was  applied  when  either  significant  Drug 
or  Drug  X  Block  (D  x  B)  effects  were  detected.  One-way  ANOVAs  were  conducted  for 
each  testing  session  within  that  mission.  Sessions  indicating  a  significant  Drug  effect  (p 
<  .05)  were  then  subjected  to  Student-Newman-Keuls  analyses  to  identify  specific 
differences  (p  <  .05)  between  Drug  conditions.  For  discrete  outcome  variables,  or  those 
that  were  not  normally  distributed,  non-parametric  Kruskal- Wallace  H-tests,  with  follow¬ 
up  Wilcoxon  signed  rank  tests,  when  appropriate,  were  performed  at  each  time  point. 

It  was  acknowledged  prior  to  data  collection  that  conducting  only  independent 
ANOVAs  on  the  data  generated  within  each  of  the  three  missions  limited  the  ability  to 
describe  overall  differences  between  missions,  information  which  would  be  of 
considerable  interest  and  value  to  operational  planners  and  schedulers.  Thus,  while 
violating  some  assumptions  and  not  the  foundation  of  the  findings,  between-mission 
ANOVAs  comparing  data  across  the  three  missions  were  also  conducted  to  allow  these 
comparisons.  These  analyses  are  considered  to  be  of  secondary  importance  to  the 
objectives  of  the  study  and  supplement  the  primary,  in-depth  ANOVAs  individually 
performed  on  each  of  the  three  missions. 

For  each  polysomnography  variable,  a  repeated  measures  ANOVA  with  one 
between-subjects  factor  (drug  conditions)  and  one  within-subject  factor  (missions)  tested 
for  drug  condition  differences.  Appropriate  post-hoc  comparisons  (as  described  in  the 
previous  paragraph)  were  perfonned  when  dictated  by  the  ANOVA  results.  Non- 
parametric  procedures  were  employed  for  those  outcome  measures  that  are  not  normally 
distributed. 

RESULTS 

Data  Loss  and  Adjustments 

Data  were  successfully  collected  from  43  of  the  50  trained  participants.  One  female 
withdrew  from  the  study  just  prior  to  her  experimental  session.  In  addition,  the  data 
collected  from  four  of  the  participants  assigned  to  the  placebo  condition  and  two  assigned  to 
the  temazepam/modafinil  condition  were  excluded  from  statistical  analyses  for  the 
following  reasons.  Two  of  the  placebo  subjects  were  severely  stressed  by  the  surge 
schedule  and  were  able  to  complete  the  entire  study  only  by  being  allowed  to  occasionally 
nap  during  the  missions.  One  of  these  two,  a  male,  complained  of  a  headache  throughout 
the  study  (he  subsequently  admitted  to  having  a  history  of  migraines)  and  the  other,  a 
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female,  was  driven  to  tears  and  mild  hysteria  by  her  need  for  sleep  during  the  missions.  The 
vital  signs  for  the  other  two  excluded  placebo  subjects,  both  males,  indicated  one  to  have  a 
mild  fever  (accompanied  by  nausea  and  chills)  during  the  first  half  of  the  data  collection 
period,  and  the  other  to  have  significantly  elevated  blood  pressure  from  the  start  of  the  first 
mission  throughout  the  data  collection  period.  In  all  four  of  these  cases  appropriate  over- 
the-counter  medications  were  administered  as  directed  by  the  Medical  Monitor.  The  two 
subjects,  both  males,  assigned  to  the  temazepam/modafinil  condition  whose  data  were 
excluded  from  analyses  each  became  very  nauseous  during  data  collection,  the  first  after 
receiving  his  sixth  modafinil  dose  at  start  of  the  1 1th  test  block  (0000)  towards  the  end  of  the 
first  mission,  and  the  second  after  receiving  his  third  modafinil  dose  at  the  start  of  the  5th  test 
block  (0400)  about  one-third  of  the  way  into  the  second  mission.  Both  subjects  were  too  ill 
to  properly  complete  their  upcoming  perfonnance  testing  block  and  were  allowed  to  rest  in 
bed,  feeling  much  improved  following  3-4  hours.  The  Medical  Monitor  and  Principal 
Investigator  detennined  it  best  to  cease  administration  of  both  the  temazepam  and  modafinil 
doses  to  these  two  subjects  for  the  duration  of  the  study.  After  deleting  the  data  for  the  six 
excluded  subjects  missing  data  occurred  less  than  2%  of  the  time  for  the  outcome  measures 
submitted  to  statistical  analyses,1  usually  due  to  technical  problems.  To  facilitate  statistical 
analyses  estimates  were  made  of  missing  data  based  on  the  average  of  corresponding 
percent  changes  in  data  available  from  other  subjects  in  the  same  condition. 

During  data  collection  it  was  often  observed,  and  later  verified  during  inspection  of 
raw  reaction  time  data  for  each  ANAM  cognitive  task,  that  some  subjects  were  unable  to 
maintain  their  concentration  on  a  task  (especially  during  the  last  2-3  testing  blocks  within  a 
mission)  and  were  simply  gaming  the  situation  by  responding  randomly  and  as  rapidly  as 
possible,  thereby  corrupting  both  their  reaction  time  and  throughput  data  which,  in  many 
instances  given  this  behavior,  falsely  indicated  maintenance  or  even  improvement  in 
perfonnance  although  it  was  actually  deteriorating.  Accuracy,  however,  was  appropriately 
sensitive  to  this  strategy,  with  the  conectness  of  a  response  decrementing  to  chance  levels. 
Accuracy  of  performance  was  therefore  selected  as  the  only  reliable  dependent  measure  for 
the  six  ANAM  tasks  for  which  it  was  available. 

The  separate  within-mission  ANOVAs  conducted  on  each  of  the  three  missions 
revealed  that  although  several  Drug  and/or  Drug  X  Block  effects  did  not  attain  or  exceed  the 
traditional  level  of  statistical  significance  (p  <  .05)  for  some  of  the  outcome  measures,  these 
effects  did  frequently  approach  significance  (p  <  .  10).  Given  the  primary  objective  of  this 
study  was  directed  at  providing  information  and  guidance  on  the  maximal  effective 
application  of  selected  medications  to  unique  military  operations,  it  was  decided  that  the 
consistent  trends  indicated  by  the  near-statistically-significant  findings  in  the  initial  overall 
within-mission  ANOVAs  were  worthy  of  inclusion  in  the  ad  hoc  one-way  ANOVAs  and 
subsequent  legitimate  Student-Newman  Keuls  paired-tests.  Thus,  a  posteriori  for  the 
within-mission  ANOVAs,  overall  Drug  and/or  Drug  X  Block  effects  attaining  near- 
significance  at  alpha  level  of  p  <  .  10  were  submitted  to  the  subsequent  two-stage  analyses, 
for  which  statistical  significance  was  maintained  at  p  <  .05. 


1  Statistical  analyses  were  not  performed  on  the  Synthetic  Work  Task  data  or  the  Postural  Sway 
data.  Synthetic  Work  was  omitted  due  to  significant  performance  improvement  (i.e.,  learning)  as  the  study 
progressed,  and  Postural  Sway  due  to  incomplete  and  unreliable  data  resulting  from  undetected  technical 
problems. 
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Between-Mission  ANOVA  Findings. 

A  statistically  significant  three-way  interaction  of  Drug  x  Mission  x  Block  was  not 
detected  for  any  of  the  perfonnance  or  subjective  outcome  measures  evaluated  during  the 
missions.  Statistically  significant  Mission  x  Block  effects  occurred  for  all  but  one  of  the 
ANAM  tasks,  and  for  PVT  performance,  the  sleepiness  ratings,  and  fatigue,  vigor,  and 
confusion  on  the  Mood  Scale  II  survey  (p  <  .02  in  each  case,  but  for  Code  Substitution  - 
Learning  for  which  p  =  .  10).  Significant  Drug  x  Block  effects  occurred  for  the  three  Code 
Substitution  tasks,  Continuous  Processing,  and  Grammatical  Reasoning.  The  Mission  x 
Block  interactions  consistently  reflected  deteriorating  perfonnance,  alertness,  and  mood 
across  missions,  with  greater  and  sometimes  earlier  deterioration  within  missions  (i.e., 
across  blocks)  as  the  missions  progressed.  The  significant  Drug  x  Block  interactions 
consistently  demonstrated  perfonnance  to  generally  deteriorate  within  a  mission  from  the 
early  to  the  later  blocks  for  the  Placebo  condition,  but  to  remain  relatively  stable  both  within 
and  across  the  three  missions  for  each  of  the  four  Drug-Combination  conditions. 
Representative  examples  of  these  performance  and  subjective  findings  are  presented  in 
Figures  1-3  for  the  Drug  x  Mission  interaction  and  Figures  4-6  for  the  Drug  x  Block 
interaction.  As  for  sleep  acquired  during  the  three  pre-mission  crew-rest  periods,  Drug  x 
Mission  interactions  did  not  approach  statistical  significance  (p  >  .20  in  all  cases)  for  any  of 
the  sleep  metrics.  Statistically  significant  overall  Between-Mission  effects  (p  <  .04  in  all 
cases)  were  detected  for  each  of  the  sleep  metrics  except  Time-in-Stage  -1. 

The  within-mission  ANOVAs  discussed  in  the  following  section  present  greater  in- 
depth  evaluation  of  the  data  with  the  inclusion  of  post  hoc  paired-comparison  tests. 

Within-Mission  ANOVA  and  Follow-on  Post  Hoc  Findings. 

Tables  III  -  XIII  present  summaries  of  the  mean  data  and  statistical  results  for  the 
within-mission  ANOVAS  and  subsequent  pot  hoc  tests  conducted  on  each  of  the  three 
missions  for  each  of  the  outcome  measures.  In  each  table  significant  paired-comparison 
differences  are  identified  for  each  test  block  within  each  of  the  missions.  The  reader  may 
wish  to  refer  to  each  of  the  referenced  tables  for  the  statistical  data  while  reviewing  the 
following  summary  statements  describing  each  of  the  significant  findings. 

Code  Substitution  Task  -  Learning  (Table  III). 

Mission  1:  A  near-significant  Drug  effect  and  a  significant  Drug  x  Block  effect  were 
detected.  Accuracy  of  performance  was  better  under  each  of  the  Drug-Combination 
conditions  than  under  the  Placebo  condition  during  Test  Blocks  12  and  13. 

Mission  2:  A  near-significant  Drug  effect  occurred.  Perfonnance  was  better  under  each  of 
the  Drug-Combination  conditions  than  under  the  Placebo  condition  during  Test  Blocks  8 
and  12;  and  better  under  Zol-Dex  and  Tem-Mod  conditions  than  under  Placebo  during 
Block  1 1 . 

Mission  3:  A  near-significant  Drug  effect  occurred.  Perfonnance  was  better  under  Tem- 
Mod  than  Zol-Mod  during  Block  3. 

Code  Substitution  Task  -  Immediate  Recall  (Table  IV). 

Mission  1:  A  significant  Drug  effect  was  detected.  Perfonnance  was  better  under  Zol-Dex 
than  Placebo  during  Test  Block  3;  perfonnance  was  better  under  Zol-Dex,  Zol-Mod,  and 
Tem-Mod  than  under  Placebo  during  Block  8;  and  performance  was  better  under  Zol-Dex 
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Table  III. 

ANAM  Code  Substitution  Task:  Learning  -  Accuracy  Performance 

Within-Mission  ANOVA  and  Post  Hoc  Analyses  Results  for  Change-from-Baseline  Means1 


|  Mission  1  j 

Test  Block 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

4:00 

6:00 

8:00 

10:00 

12:00 

14:00 

16:00 

18:00 

20:00 

22:00 

0:00 

2:00 

4:00 

0.12 

-1.74 

-1.51 

-0.58 

-0.58 

-0.58 

0.12 

-1.27 

-0.12 

-0.81 

-1.51 

-4.05 

-8.31 

Zol-Dex 

-0.31 

0.93 

1.85 

0.46 

0.77 

0.93 

1.39 

1.23 

1,70 

2.62 

1.39 

0.93 

0.77 

Zol-Mod 

-0.63 

0.2 

-0.49 

-1.04 

-1.32 

-1.18 

-0.62 

-0.35 

-0.9 

-0.07 

-0.07 

0.76 

-0.07 

Tem-Dex 

-0.14 

0.69 

-0.83 

0.42 

-0.14 

-0.97 

-0.42 

-0.83 

0.42 

0.97 

-0.14 

0.55 

1.67 

-0.26 

0.61 

-1.13 

0.44 

-0.61 

0.78 

1.48 

-0.96 

1.3 

0.95 

0.78 

-0.78 

1.13 

j  Mission  2  | 

Test  Block 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

20:00 

22:00 

0:00 

2:00 

4:00 

6:00 

8:00 

10:00 

12:00 

14:00 

16:00 

18:00 

20:00 

Placebo 

-1.74 

-0.35 

-3.59 

-1.97 

-2.43 

-4.05 

-3.36 

-5.21 

-2.66 

-2.89 

-3.59 

-4.51 

-4.79 

Zol-Dex 

-0.46 

0.6 

0.46 

1.08 

-0.46 

0.31 

-0.77 

-0.31 

-0.31 

0.15  | 

1.23 

-0.01 

0 

Zol-Mod 

0.21 

-2.72 

-1.88 

-0.9 

-3.54 

-2.99 

-2.98 

-0.76 

-3.08 

-3.26 

-1.46 

-1.18 

0.35 

Tem-Dex 

1.39 

0.28 

0.28 

0 

0.42 

-2.88 

-0.14 

0.69 

0.41 

1.11 

-0.28 

0.69 

-1.53 

Tem-Mod 

-0.78 

-0.78 

-0.61 

0.43 

-0.43 

-1.32 

-0.78 

-0.43 

-0.78 

1.65  | 

0.61 

-0.62 

0.09 

Mission  3  j 

Test  Block 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

12:00 

14:00 

16:00 

18:00 

20:00 

22:00 

0:00 

2:00 

4:00 

6:00 

8:00 

10:00 

12:00 

Placebo 

-2.2 

-4.05 

-1.74 

-3.82 

-3.37 

-3.36 

-3.12 

-5.21 

-5.44 

-2.9 

-3.12 

-7.79 

-8.14 

Zol-Dex 

0. 77 

-0.93 

-1.39 

-0.46 

-1.72 

-0.93 

0.46 

-0.63 

-0.64 

-1.7 

-3.13 

-2.08 

-3.88 

Zol-Mod 

-0.21 

-1.04  | 

-2.85 

|  -2.71 

-2.01 

-1.73 

-2.29 

-2.29 

-3.68 

-2.5 

-3.99 

-1.19 

-2.44 

Tem-Dex 

0.28 

0.28 

-0.56 

-0.14 

-1.25 

0.14 

0 

-0.88 

1.25 

-0.84 

0.83 

-0.69 

-0.56 

Tem-Mod 

-0.26 

0.09  | 

0.96 

|  -0.26 

-0.27 

-1.47 

-0.78 

0.43 

-0.44 

-1.13 

-0.1 

-0.47 

0.26 

1  Within-Mission  ANOVA  Results  I 

Mission  1 

Drug:  F(4,38)  =  2.231;  MSE  =  39.94 

p  =  .084 

Block:  F(  10,375)  =  1.60,  MSE  =  6.86 

p  =  .105 

D  x  B:  F(  39,375)  =  2.13;  MSE  =  6.86 

p  <  .001 

Mission  2 

Drug:  F(  4,38)  =  2.34;  MSE  =  78.83 

p  =  .073 

Block;  F(9,342)  =  1.51;  MSE  =  13.54 

p  =  .142 

DxB:  F(36,342)  =  1.04;  MSE  =  13.54 

p  =  .413 

Mission  3 

Drug:  F(  4,38)  =  2.08;  MSE  =  114.11 

p  =  .103 

Block:  F(8,287  =  2.10;  MSE  =  19.53 

p  =  .039 

D  x  B:  F(  52,492)  =  1 .29;  MSE  =  19.53 

p  =  .483 

1  Mean  Baseline  Scores:  Placebo  =  98.49;  Zol-Dex  =  96.45;  Zol-Mod  =  97.57;  Tem-Dex  =96.81  ;  Tem-Mod  =  96.27 


X.XX  |  Post  hoc  Student-Newman-Keuls  detected  performance  to  be  significantly  (p  <  .05)  better  than  under  the  Placebo  condition. 
Post  hoc  Student-Newman-Keuls  detected  performance  to  be  significantly  (p  <  .05)  better  under  Tem-Mod  than  Zol-Mod. 
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Table  IV. 

ANAM  Code  Substitution  Task:  Immediate  Recall  -  Accuracy  Performance 

Within-Mission  ANOVA  and  Post  Hoc  Analyses  Results  for  Change-from-Baseiine  Means1 


|  Mission  1  j 

Test  Block 

1 

4:00 

2 

6:00 

3 

8:00 

4 

10:00 

5 

12:00 

6 

14:00 

7 

16:00 

8 

18:00 

9 

20:00 

10 

22:00 

11 

0:00 

12 

2:00 

13 

4:00 

-1.39 

-6.95 

-3.24 

-2.32 

-3.24 

-0.47 

-1.39 

-1.39 

-4.17 

-4.17 

-1.39 

-5.1 

Zol-Dex 

2.16 

4.01  | 

5.25 

|  3.39 

0.93 

4.01 

2.78 

5.25 

4.01 

4.63  | 

1  463  1 

1  525  1 

3.39 

Zol-Mod 

0.28 

-0.83 

0.83 

-0.28 

3.61 

1.94 

1.39 

2.5 

2.5 

1.94 

-0.28 

3.06 

0.73 

Tem-Dex 

-1.67 

-4.45 

-4.44 

-1.67 

-1.67 

1.11 

-0.56 

-1.11 

-4.44 

0  j 

1  ‘722  1 

|  -4.45 

-0.56 

3.12 

-2.43 

1.04 

0.35 

3.82 

5.91 

-0.35  | 

4.52 

|  4.52 

3.13 

2.43 

-0.35  | 

3.82 

j  Mission  2  | 

Test  Block 

1 

20:00 

2 

22:00 

3 

0:00 

4 

2:00 

5 

4:00 

6 

6:00 

7 

8:00 

8 

10:00 

9 

12:00 

10 

14:00 

11 

16:00 

12 

18:00 

13 

20:00 

Placebo 

-3.24 

-4.17 

-4.17 

2.32 

-3.24 

-1.39 

-10.65 

-11.58 

-0.46 

-5.09 

-2.32 

-10.65 

-6.02 

Zol-Dex 

2.78 

3.39 

5.25 

0.31 

5.86 

0.93 

3.4 

1.54 

6.48 

4.01 

2.78 

0.93 

6.48 

Zol-Mod 

3.61 

0.83 

0.83 

3.61 

-1.95 

4.16 

-0.28 

1.39 

2.5 

1.94 

1.39 

-0.84 

-1.39 

Tem-Dex 

0 

-3.33 

-1.11 

-2.78 

-1.67 

-1.67 

-2.22 

0 

-1.67 

1.11 

0 

-1.11 

-0.56 

Tem-Mod 

0.35 

2.43 

3.13 

3.82 

1.74 

3.82 

0.35 

1.04 

4,51 

1.04 

4.52 

4.52 

2.43 

Mission  3  j 

Test  Block 

1 

12:00 

2 

14:00 

3 

16:00 

4 

18:00 

5 

20:00 

6 

22:00 

7 

0:00 

8 

2:00 

9 

4:00 

10 

6:00 

11 

8:00 

12 

10:00 

13 

12:00 

Placebo 

0.46 

0.46 

-0.46 

0.46 

-3.24 

-1.39 

-3.24 

0.46 

-5.09 

-8.8 

-3.24 

-7.87 

-20.83 

Zol-Dex 

-2.16 

3.4 

4.63 

5.25 

-0.93 

2.78 

4.01 

4.63 

2.16 

1.54 

0.31 

2.15 

4.01 

Zol-Mod 

3.06 

3.06 

-1.39 

-0.28 

-0.83 

0.28 

-1.95 

0.83 

1.94 

-0.84 

0.83 

0.83 

-0.28 

Tem-Dex 

2.78 

-1.67 

1.67 

-1.67 

-1.67 

-2.22 

-8.63 

-4.44 

-1.67 

-6.11 

-5.55 

-4.12 

-7.78 

Tem-Mod 

-0.35 

1.04 

-2.43 

0.35 

1.04 

-1.04 

4.52 

5.91 

1.74 

1.04 

3.13 

3.13 

3.13 

I  Within-Mission  ANOVA  Results  I 

Mission  1 

Drug:  F(4,38)  =  5.06,  MSE  =  176.64 

p  =  .002 

Block:  F(1 3,478)  =  1 .51 ;  MSE  =  31 .95 

p  =  .114 

D  x  B:  F(50,478)  =  1 .00;  MSE  =  31 .95 

p  =  .475 

Mission  2 

Drug:  F(4,38)  =  3.81;  MSE  =  240.27 

p  =  .011 

Block:  F(1 1,410)  =  1.71;  MSE  =  42.26 

p  =  .070 

DxB:  F(  43,410)=  1.28;  MSE  =  42.26 

p  =  .116 

Mission  3 

Drug:  F(4,38)  =  1.83;  MSE  =441.29 

p  =  .144 

Block:  F(8,307)  =  1 .95;  MSE  =  84.98 

p  =  .052 

DxB:  F(32,307)  =  1 .63;  MSE  =  84.98 

p  =  .019 

1  Mean  Baseline  Scores:  Placebo  =  96.76;  Zol-Dex  =  92.90;  Zol-Mod  =94.72  ;  Tem-Dex  =  96.11;  Tem-Mod  =  94.10 


X.XX  '~|  Post  hoc  Student-Newman-Keuls  detected  performance  to  be  significantly  (p  <  .05)  better  than  under  the  Placebo  condition. 
Post  hoc  Student-Newman-Keuls  detected  performance  to  be  significantly  (p  <  .05)  better  under  Zol-Dex  than  Tem-Dex. 
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Table  V. 

ANAM  Code  Substitution  Task:  Delayed  Recall  -  Accuracy  Performance 

Within-Mission  ANOVA  and  Post  Hoc  Analyses  Results  for  Change-from-Baseline  Means1 


|  Mission  1  J 

Test  Block 

1 

4:00 

2 

6:00 

3 

8:00 

4 

10:00 

5 

12:00 

6 

14:00 

7 

16:00 

8 

18:00 

9 

20:00 

10 

22:00 

11 

0:00 

12 

2:00 

13 

4:00 

Placebo 

-0.93 

-7.87 

-7.41 

-6.48 

-2.78 

-1.39 

-1.39 

-6.95 

-4.63 

-1.39 

-5.55 

-12.03 

-19.91 

Zol-Dex 

5.86 

-2.16 

0.93 

1.85 

-2.47 

0 

.5.86 

0.31 

-0.93 

-0.62 

0.93  | 

4.42 

1.24 

Zol-Mod 

-0.97 

0.14 

-2.93 

0.42 

-0.14 

-1.81 

-3.19 

-2.64 

-2.08 

2.89 

-11.15 

-3.2 

-2.36 

Tem-Dex 

-4.72 

-6.11 

-3.06 

-6.66 

-0.83 

-0.83 

0.28 

0.56 

-2.22 

1.39 

-4.45 

-7.22 

-3.61 

Tern-Mod 

4.69 

-1.91 

-0.87 

-3.99 

1.91 

-0.17 

-0.17 

-3.3 

-0.17 

1.21 

-1.56 

-0.87 

1.56 

I  Mission  2  | 

Test  Block 

1 

20:00 

2 

22:00 

3 

0:00 

4 

2:00 

5 

4:00 

6 

6:00 

7 

8:00 

8 

10:00 

9 

12:00 

10 

14:00 

11 

16:00 

12 

18:00 

13 

20:00 

Placebo 

6.48 

-1.39 

-7.87 

-5.56 

-6.48 

-7.34 

-15.28 

-18.52 

-13.43 

-6.02 

-14.81 

-13.42 

-13.43 

Zol-Dex 

6.17 

3.7 

-3.09 

-1.23 

-0.31 

-0.31 

-6.48 

-8.95 

-1.23 

0.31 

-1.24 

-0.31  | 

2.16 

Zol-Mod 

3.19 

-2.92 

-4.03 

-1.81 

-7.08 

-3.64 

-7.64 

-3.75 

-1.81 

-5.69 

-9.03 

-3.75 

-5.69 

Tem-Dex 

2.78 

-0.83 

-3.33 

-7.22 

-6.11 

-10.52 

0.55 

0.28 

-5.83 

0.83  | 

0.55 

-2.22  | 

1.11 

Tern-Mod 

-1.21 

1.56 

-2.6 

0.17 

-5.38 

-3.64 

-0.87 

-5.38 

3.3 

-0.52 

-1.91 

-0.17 

-3.3 

Mission  3  f 

Test  Block 

1 

12:00 

2 

14:00 

3 

16:00 

4 

18:00 

5 

20:00 

6 

22:00 

7 

0:00 

8 

2:00 

9 

4:00 

10 

6:00 

11 

8:00 

12 

10:00 

13 

12:00 

Placebo 

2.32 

-2.78 

-4.17 

-2.78 

-7.87 

-6.02 

-8.79 

-6.02 

-5.55 

-9.26 

-20.37 

-12.44 

-20.4 

Zol-Dex 

3.4 

1.54 

0 

4.01 

-2.16 

0.31 

1.85 

4.01 

-1.23 

-2.78 

-5.56 

-5.25 

3.09 

Zol-Mod 

0.42 

-2.36 

-4.58 

-6.53 

-8.19 

-10.49 

-5.14 

-4.03 

-3.85 

-9.03 

-7.08 

-3.52 

-4.38 

Tem-Dex 

7.78 

-1.67 

-5 

-2.02 

-3.89 

-8.94 

-13.47 

-6.94 

0.25 

-6.11 

-7.5 

-9.87 

-2.78 

Tern-Mod 

-0.52 

-0.17 

0.18 

-3.99 

1.91 

-6.08 

0.87 

4.34 

-0.52 

-6.77 

-10.24 

-3.99 

2.95 

1  Within-Mission  ANOVA  Results  1 

Mission  1 

Drug:  F(4,38)  =  2.23;  MSE  =  40.00; 

p  =  .084 

Block:  F(1 0,375)  =  1.60;  MSE  =  6.86; 

p  =  .105 

D  x  B:  F(40,  375)  =  2.13;  MSE  =  6.86 

p  <  .001 

Mission  2 

Drug:  F(4,38)  =  2.34;  MSE  =  78.83 

p  =  .073 

Block:  F(  9,342)  =  1.51,  MSE  =  13.54 

p  =  .142 

D  x  B:  F(36,342)  =  1.04;  MSE  =  13.53 

p  =  .413 

Mission  3 

Drug:  F(4,38)  =  2.08;  MSE  =  114.11 

p  =  .103 

Block:  F(8,287)  =  2.10;  MSE  =  19.53 

p  =  .039 

D  x  B:  F(30,287)  =  0.992;  MSE  =  19.53 

p  =  .483 

1  Mean  Baseline  Scores:  Placebo  =  89.81;  Zol-Dex  =  87.65;  Zol-Mod  =  91.53;  Tem-Dex  =  86.67;  Tern-Mod  =  90.10 


X.XX  ~|  Post  hoc  Student-Newman-Keuls  detected  performance  to  be  significantly  (p  <  .05)  better  than  under  the  Placebo  condition. 
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and  Tem-Mod  than  Placebo  during  Sessions  13.  Perfonnance  was  better  under  Zol-Dex 
than  under  Tem-Dex  during  Block  11. 

Mission  2:  A  significant  Drug  effect  occurred.  Perfonnance  under  each  of  the  Drug- 
Combination  conditions  was  better  than  that  under  Placebo  during  Blocks  8  and  10. 

Mission  3:  A  significant  Drug  x  Block  effect  occurred.  Perfonnance  under  each  of  the 
Drug-Combination  conditions  was  better  than  that  under  Placebo  during  Block  13. 

Code  Substitution  Task  -  Delayed  Recall  (Table  V). 

Mission  1 :  A  near-significant  Drug  effect  and  a  significant  Drug  x  Block  effect  occuned. 
Perfonnance  under  Zol-Dex  was  better  than  that  under  Placebo  during  Block  12; 
perfonnance  was  better  under  each  of  the  Drug-Combination  conditions  than  under  Placebo 
during  Block  13. 

Mission  2:  A  near-significant  Drug  effect  was  detected.  Perfonnance  was  better  under  Zol- 
Mod,  Tem-Dex,  and  Tem-Mod  than  under  Placebo  during  Block  3;  perfonnance  was  better 
under  Tem-Dex  than  Placebo  during  Block  11;  and  performance  was  better  under  Zol-Dex 
and  Tem-Dex  than  under  Placebo  during  Block  13. 

Mission  3:  A  near-significant  Drug  effect  was  detected.  Perfonnance  was  better  under  each 
of  the  Drug-Combination  conditions  than  under  Placebo  during  Block  13. 

Continuous  Processing  Task  (Table  VI). 

Mission  1:  A  significant  Drug  x  Block  interaction  was  detected.  Post  hoc  tests  revealed 
perfonnance  under  each  of  the  Combined  Drug  conditions  to  be  superior  to  that  under 
Placebo  during  Test  Block  13. 

Mission  2:  A  significant  Drug  x  Block  interaction  was  detected.  Perfonnance  under  each  of 
the  Combined  Drug  conditions  was  superior  to  that  under  Placebo  during  Test  Blocks  8,11, 
12,  and  13.  Performance  was  better  under  both  Zol-Mod  and  Tem-Mod  than  Placebo  during 
Blocks  9  and  10. 

Mission  3:  A  significant  Drug  x  Block  interaction  was  detected.  Perfonnance  was  better 
under  Zol-Mod  than  Placebo  during  Test  Block  8.  During  Block  10  perfonnance  was  better 
under  Zol-Dex,  Zol-Mod,  and  Tem-Mod  than  Placebo.  Perfonnance  was  better  under  each 
of  the  four  Drug  Combination  conditions  that  under  Placebo  during  Blocks  12  and  13. 

Simple  Reaction  Time  Task  (Table  VII). 

There  were  no  statistically  significant  ANOVA  effects  for  the  main  effect  of  Drug  or  for  the 
Drug  x  Block  interaction  during  any  of  the  missions  for  this  task,  thus  post  hoc  testing  was 
not  conducted. 

Mathematical  Processing  Task  (Table  VIII). 

Mission  1:  A  near-significant  Drug  x  Block  effect  occurred.  Post  hoc  testing  indicated 
perfonnance  under  each  of  the  Combined  Drug  conditions  to  better  than  that  under  the 
Placebo  condition  during  Block  13. 

Mission  3:  A  near-significant  Drug  x  Block  effect  occurred.  Perfonnance  under  each  of  the 
Combined  Drug  conditions  was  better  than  that  under  the  Placebo  condition  during  Block 
12. 

Grammatical  Reasoning  Task  (Table  IX). 

Mission  1:  A  near-significant  Drug  x  Block  effect  was  detected.  Post  hoc  testing  indicated 
perfonnance  to  be  significantly  better  under  Tem-Mod  than  Zol-Dex  during  Block  6. 

Mission  2:  A  near-significant  Drug  x  Block  effect  was  detected.  Perfonnance  under  the 
Zol-Med,  Tem-Dex,  and  Tem-Mod  conditions  were  superior  to  that  under  the  Placebo 
condition  during  Block  11. 
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Table  VI. 

ANAM  Continuous  Processing  Task  -  Accuracy  Performance 

Within-Mission  ANOVA  and  Post  Hoc  Analyses  Results  for  Change-from-Baseline  Means1 


j  Mission  1  j 

Test  Block 

1 

4:00 

2 

6:00 

3 

8:00 

4 

10:00 

5 

12:00 

6 

14:00 

7 

16:00 

8 

18:00 

9 

20:00 

10 

22:00 

11 

0:00 

12 

2:00 

13 

4:00 

Placebo 

1.18 

-0.01 

0.31 

-1.97 

-0.26 

0.03 

-0.24 

-1.1 

-0.36 

-0.26 

-1.54 

-3.03 

-4.9 

Zol-Dex 

0.11 

-0.67 

0.86 

-0.51 

0.27 

0.43 

0.3 

0.31 

0.86 

0.55 

0.87 

0.97 

0.1 

Zol-Mod 

1.04 

1.3 

1.25 

1.79 

1.29 

1.7 

1.61 

1.68 

1.92 

1.68 

1.67 

1.09 

1.36 

Tem-Dex 

0.66 

0.51 

-0.28 

-0.11 

-0.37 

-0.14 

-0.12 

-0.03 

0.92 

1.56 

0.08 

-0.03 

0.44 

Tern-Mod 

0.04 

-0.23 

-0.79 

-2.55 

1.66 

0.71 

0.8 

0.85 

1.73 

0.83 

1.26 

1.58 

1.27 

Mission  2  f 

Test  Block 

1 

20:00 

2 

22:00 

3 

0:00 

4 

2:00 

5 

4:00 

6 

6:00 

7 

8:00 

8 

10:00 

9 

12:00 

10 

14:00 

11 

16:00 

12 

18:00 

13 

20:00 

Placebo 

-1.3 

0.33 

-0.24 

-0.22 

-2.46 

-3.71 

-4.52 

-7.51 

-2.83 

-2.96 

-4.41 

-7.07 

-4.09 

Zol-Dex 

0.67 

0.08 

-0.99 

-0.46 

0.07 

0.08 

-0.16 

-1.85 

-0.51 

-0.22 

0.69 

0.49 

0.17 

Zol-Mod 

1.74 

2.05 

1.41 

1.38 

0.92 

2.02 

0.7 

1.01 

1.76 

2.04 

1.3 

1.54 

1.94 

Tem-Dex 

0.31 

-0.06 

-0.9 

-0.46 

0.8 

-0.36 

-0.97 

-0.03 

-0.66 

-0.21 

0.32 

-0.09 

0.25 

Tem-Mod 

1.68 

1.13 

-0.2 

0.46 

-0.02 

-2.37 

-1.61 

0.2 

1.15 

1.69 

1.53 

2.05 

1.49 

Mission  3  j 

Test  Block 

1 

12:00 

2 

14:00 

3 

16:00 

4 

18:00 

5 

20:00 

6 

22:00 

7 

0:00 

8 

2:00 

9 

4:00 

10 

6:00 

11 

8:00 

12 

10:00 

13 

12:00 

Placebo 

-0.18 

-0.03 

-0.59 

-1.35 

0.37 

-1.71 

-1.74 

-2.43 

-3.23 

-7.91 

-7.06 

-11.05 

-10.92 

Zol-Dex 

0.26 

0.15 

1.42 

1.16 

0.08 

-0.15 

0.72 

0.79 

0.5 

-1.11 

-2.66 

-1.69 

0.02 

Zol-Mod 

1.49 

1.29 

1,58 

2.11 

0.75 

1.72 

0.54  | 

1.88 

|  0.92 

1.39 

0.14 

-0.66 

1.68 

Tem-Dex 

0.26 

-0.14 

-0.3 

0.51 

0.3 

0.57 

0.75 

-0.28 

-0.25 

-3.97 

-3.74 

-4.16 

-0.46 

Tem-Mod 

0.58 

0.68 

1.53 

1.5 

0.78 

-0.31 

1.16 

0.69 

-3.45  | 

-0.76 

|  -2.71 

-3.84 

0.14 

1  Within-Mission  ANOVA  Results  1 

Mission  1 

Drug:  F(4,38)  =  1.90;  MSE  =  36.59 

p  =  .131 

Block:  F(9,339)  =  2.08;  MSE  =  5.81 

p  =  .031 

D  x  B:  F(36,339)  =  1 .63;  MSE  =  5.81 

p  =  .016 

Mission  2 

Drug:  F(4,38)  =  5.56;  MSE  =  46.67 

p  =  .001 

Block:  F(8, 301)  =  2,65;  MSE  =  11.13 

p  =  .008 

DxB:  F(32,301)  =  1.77;  MSE  =  11.13 

p  =  .008 

Mission  3 

Drug:  F(4,38)  =  4.41;  MSE  =  62.15 

p  =  .005 

Block:  F(6,223)  =  9.24;  MSE  =  26.56 

p  <  .001 

DxB:  F(23,2230)  =  1 .68;  MSE  =  26.56 

p  =  .030 
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and  Tem-Mod  than  Placebo  during  Sessions  13.  Perfonnance  was  better  under  Zol-Dex 
than  under  Tem-Dex  during  Block  11. 

Mission  2:  A  significant  Drug  effect  occurred.  Perfonnance  under  each  of  the  Drug- 
Combination  conditions  was  better  than  that  under  Placebo  during  Blocks  8  and  10. 

Mission  3:  A  significant  Drug  x  Block  effect  occurred.  Perfonnance  under  each  of  the 
Drug-Combination  conditions  was  better  than  that  under  Placebo  during  Block  13. 

Code  Substitution  Task  -  Delayed  Recall  (Table  V). 

Mission  1 :  A  near-significant  Drug  effect  and  a  significant  Drug  x  Block  effect  occuned. 
Perfonnance  under  Zol-Dex  was  better  than  that  under  Placebo  during  Block  12; 
perfonnance  was  better  under  each  of  the  Drug-Combination  conditions  than  under  Placebo 
during  Block  13. 

Mission  2:  A  near-significant  Drug  effect  was  detected.  Perfonnance  was  better  under  Zol- 
Mod,  Tem-Dex,  and  Tem-Mod  than  under  Placebo  during  Block  3;  perfonnance  was  better 
under  Tem-Dex  than  Placebo  during  Block  11;  and  performance  was  better  under  Zol-Dex 
and  Tem-Dex  than  under  Placebo  during  Block  13. 

Mission  3:  A  near-significant  Drug  effect  was  detected.  Perfonnance  was  better  under  each 
of  the  Drug-Combination  conditions  than  under  Placebo  during  Block  13. 

Continuous  Processing  Task  (Table  VI). 

Mission  1:  A  significant  Drug  x  Block  interaction  was  detected.  Post  hoc  tests  revealed 
perfonnance  under  each  of  the  Combined  Drug  conditions  to  be  superior  to  that  under 
Placebo  during  Test  Block  13. 

Mission  2:  A  significant  Drug  x  Block  interaction  was  detected.  Perfonnance  under  each  of 
the  Combined  Drug  conditions  was  superior  to  that  under  Placebo  during  Test  Blocks  8,11, 
12,  and  13.  Performance  was  better  under  both  Zol-Mod  and  Tem-Mod  than  Placebo  during 
Blocks  9  and  10. 

Mission  3:  A  significant  Drug  x  Block  interaction  was  detected.  Perfonnance  was  better 
under  Zol-Mod  than  Placebo  during  Test  Block  8.  During  Block  10  perfonnance  was  better 
under  Zol-Dex,  Zol-Mod,  and  Tem-Mod  than  Placebo.  Perfonnance  was  better  under  each 
of  the  four  Drug  Combination  conditions  that  under  Placebo  during  Blocks  12  and  13. 

Simple  Reaction  Time  Task  (Table  VII). 

There  were  no  statistically  significant  ANOVA  effects  for  the  main  effect  of  Drug  or  for  the 
Drug  x  Block  interaction  during  any  of  the  missions  for  this  task,  thus  post  hoc  testing  was 
not  conducted. 

Mathematical  Processing  Task  (Table  VIII). 

Mission  1:  A  near-significant  Drug  x  Block  effect  occurred.  Post  hoc  testing  indicated 
perfonnance  under  each  of  the  Combined  Drug  conditions  to  better  than  that  under  the 
Placebo  condition  during  Block  13. 

Mission  3:  A  near-significant  Drug  x  Block  effect  occurred.  Perfonnance  under  each  of  the 
Combined  Drug  conditions  was  better  than  that  under  the  Placebo  condition  during  Block 
12. 

Grammatical  Reasoning  Task  (Table  IX). 

Mission  1:  A  near-significant  Drug  x  Block  effect  was  detected.  Post  hoc  testing  indicated 
perfonnance  to  be  significantly  better  under  Tem-Mod  than  Zol-Dex  during  Block  6. 

Mission  2:  A  near-significant  Drug  x  Block  effect  was  detected.  Perfonnance  under  the 
Zol-Med,  Tem-Dex,  and  Tem-Mod  conditions  were  superior  to  that  under  the  Placebo 
condition  during  Block  11. 
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Table  VII. 

ANAM  Simple  Reaction  Time  Task  -  Mean  Reaction  Time  for  Correct  Responses 

Within-Mission  ANOVA#  and  Post  Hoc  Analyses  Results  for  Change-from-Baseline  Means1 


]  Mission  1  | 

Test  Block 

I 

4:00 

2 

6:00 

3 

8:00 

4 

10:00 

5 

12:00 

6 

14:00 

7 

16:00 

8 

18:00 

9 

20:00 

10 

22:00 

11 

0:00 

12 

2:00 

13 

4:00 

Placebo 

3.99 

0.05 

8.45 

6 

6 

15.85 

3.79 

16.88 

14.21 

11.57 

11.68 

9.2 

24.48 

Zol-Dex 

4.02 

24.1 

-1.9 

-6.03 

4.01 

-9.39 

-4.67 

-8.41 

0.15 

13.6 

1.29 

-6.78 

4.63 

Zol-Mod 

9.96 

3.97 

-7.71 

-1.37 

-6.65 

-7.39 

-9.75 

-12.48 

-10.83 

-3.92 

-7.18 

6.06 

2.74 

Tem-Dex 

17.76 

-12.38 

-5.35 

4.43 

-6.3 

-7.76 

-8.44 

-10.69 

-4.63 

4.51 

-3.75 

44.4 

1.41 

Tem-Mod 

12.6 

24.04 

15.01 

8.03 

-4.43 

5.49 

1.08 

-6 

5.96 

1.16 

7.78 

16.81 

15.14 

|  Mission  2  | 

Test  Block 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

20:00 

22:00 

0:00 

2:00 

4:00 

6:00 

8:00 

10:00 

12:00 

14:00 

16:00 

18:00 

20:00 

Placebo 

1.31 

1.97 

-7.42 

2.02 

34.34 

19.25 

17.27 

28.95 

19.28 

26.74 

6.01 

5 

2.81 

Zol-Dex 

6.33 

-0.46 

-2.55 

-6.44 

-5.28 

12.28 

-0.96 

5.77 

0.47 

-3.61 

-1.34 

-3.72 

-4.66 

Zol-Mod 

-10.42 

4.48 

-5.15 

5.72 

8.26 

3.97 

14.69 

12.5 

7.66 

5.74 

10.66 

-0.92 

4.69 

Tem-Dex 

-12.15 

2.41 

-8.99 

-11.03 

15.25 

10.32 

-3.55 

3.7 

1.1 

1.94 

8.4 

-7.87 

4.38 

Tem-Mod 

8.86 

6.53 

-7.33 

1.49 

-9.74 

1.53 

14.88 

6.2 

8.51 

14.55 

10.21 

2.96 

11.91 

[  Mission  3  | 

Test  Block 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

12:00 

14:00 

16:00 

18:00 

20:00 

22:00 

0:00 

2:00 

4:00 

6:00 

8:00 

10:00 

12:00 

Placebo 

1.64 

1.47 

12.5 

-0.04 

-2.65 

3.79 

-4.58 

7.12 

22.51 

27.01 

21.56 

42.32 

39.62 

Zol-Dex 

5.42 

4.87 

-4.65 

-18.36 

-8.97 

-9.83 

-8.95 

-8.11 

-1.91 

-3.43 

13.02 

-4.74 

-8.5 

Zol-Mod 

-7.11 

1.79 

-7.62 

-2.05 

-12.43 

-10.38 

-10.08 

14.42 

-1.61 

14.02 

9.18 

7.62 

0.1 

Tem-Dex 

-18.87 

0.85 

-0.05 

-9.97 

-5.68 

2.11 

-0.93 

33.68 

13.1 

31.55 

3.68 

-1.35 

-13 

Tem-Mod 

3.64 

5.53 

1.07 

-12.21 

0.27 

13.57 

-7.72 

16.11 

11.1 

2.3 

12.89 

18.25 

19.67 

Within-Mission  ANOVA  Results 

Mission  1 

Drug:  F(4,38)  =  1.23;  MSE  =  2399.59 

p  =  .316 

Block:  F(6,225)  =  1.70;  MSE  =  1576.66 

p  =  .122 

D  x  B:  F(24,225)  =  0.96;  MSE  =  1575.66 

p  =  .522 

Mission  2 

Drug:  F(4,38)  =  0.61;  MSE  =  2174.86 

p  =  .661 

Block:  F(  13,494)  =  2.67;  MSE  =  449.75 

p  =  .001 

D  x  B:  F(52,494)  =  0.94;  MSE  =  449.75 

p  =  .589 

Mission  3 

Drug:  F(4,38)  =  0.65;  MSE  =  6017.12 

p  =  .629 

Block:  F(7,256)  =  2.79;  MSE  =  1840.52 

p  =  .009 

D  x  B:  F(27,256)  =  10.84;  MSE  =  11840.52 

p  =  .697 

Mean  Baseline  Scores:  Placebo  =  219.76;  Zol-Dex  =228.76  ;  Zol-Mod  =  218.40;  Tem-Dex  =  223.25  ;  Tern-Mod  =  214.60 


There  were  no  significant  main  ANOVA  effects  for  Drug  or  Drug  x  Block,  thus  post  hoc  analyses  were  not  appropriate. 
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Table  VIII. 

ANAM  Mathematical  Processing  Task  -  Accuracy  Performance 

Within-Mission  ANOVA  and  Post  Hoc  Analyses  Results  for  Change-from-Baseline  Means1 


|  Mission  1  j 

Test  Block 

1 

4:00 

2 

6:00 

3 

8:00 

4 

10:00 

5 

12:00 

6 

14:00 

7 

16:00 

8 

18:00 

9 

20:00 

10 

22:00 

11 

0:00 

12 

2:00 

13 

4:00 

Placebo 

-1.24 

-0.2 

-0.86 

-0.65 

0.63 

-1.25 

-0.19 

-0.14 

1.74 

-1.53 

1.01 

-0.34 

-6.72 

Zol-Dex 

-0.54 

-0.83 

-1.15 

-1.51 

-0.41 

1.44 

1.03 

1.07 

1.25 

1.55 

-0.79 

1.07 

2.16 

Zol-Mod 

1.3 

-0.06 

1.47 

0.88 

-1.51 

1.02 

-0.15 

0.91 

0.98 

1.7 

1.39 

1.13 

1.94 

Tem-Dex 

0.87 

-0.52 

-1.06 

0.79 

0.31 

1.49 

-0.71 

1.28 

-0.1 

1.52 

1.69 

1.39 

0.27 

Tem-Mod 

1.91 

-0.31 

-0.66 

-0.07 

1.39 

0.59 

1.59 

0.5 

0.38 

0.12 

0.32 

-0.8 

-1.2 

|  Mission  2  | 

Test  Block 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

11 

20:00 

22:00 

0:00 

2:00 

4:00 

6:00 

8:00 

10:00 

12:00 

14:00 

16:00 

18:00 

20:00 

Placebo 

-0.85 

0.16 

-0.91 

-2.6 

-1.43 

-3.33 

-3.54 

-4.31 

-0.72 

-1.66 

-1.26 

-4.96 

-5.45 

Zol-Dex 

-0.52 

0.97 

0.87 

1.29 

0.12 

0.59 

0.09 

1.61 

1.56 

1.45 

0.87 

1.09 

1.55 

Zol-Mod 

0.67 

1.04 

0.9 

-0.07 

0.14 

0.82 

0 

-0.48 

0.05 

-0.61 

1.4 

0.08 

0.57 

Tem-Dex 

1.31 

2.72 

0.34 

1.07 

1.71 

0.12 

1.73 

-0.01 

-0.29 

0.66 

0.81 

2.47 

0.87 

Tem-Mod 

-0.88 

-1.16 

1.01 

-0.53 

-1.56 

-0.17 

-2.06 

-0.91 

0.44 

1.39 

0.75 

-0.03 

-0.66 

|  Mission  3  f 

Test  Block 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

11 

11 

12:00 

14:00 

16:00 

18:00 

20:00 

22:00 

0:00 

2:00 

4:00 

6:00 

8:00 

10:00 

12:00 

Placebo 

-0.16 

-2.22 

-4.6 

1.64 

-0.47 

-0.95 

-2.3 

-3.25 

-2.12 

-1.15 

-3.25 

-5.96 

-3.28 

Zol-Dex 

1.3 

0.08 

1.93 

2.75 

1.11 

1.75 

0.9 

0.04 

-0.73 

-0.14 

-0.5 

-0.15 

2.3 

Zol-Mod 

0.11 

0.36 

-0.16 

-0.06 

-0.37 

1.28 

0.3 

1.76 

1.9 

-1.2 

-1.4 

2.3 

1.34 

Tem-Dex 

3.28 

1.46 

0.63 

2.62 

1.16 

0.39 

2.09 

1.33 

2.04 

-0.95 

1.66 

1.81 

1.59 

Tem-Mod 

-0.2 

0.48 

1.66 

0.7 

0.92 

1.53 

1.28 

0.49 

1.65 

0.73 

-1.05 

-0.16 

1.33 

D  Within-Mission  ANOVA  Results  I 

Mission  1 

Drug:  F(438)  =  0.41;  MSE  =  75.09 

p  =  .802 

Block:  F(  12,438)  =  1.12;  MSE  =  10.59 

p  =  .344 

DxB:  F(46,438)  =  1.30;  MSE  =  10.58 

p  =  .098 

Mission  2 

Drug:  F(4,38)  =  1.33;  MSE  =  120.55 

p  =  .276 

Block:  F(1 2,448)  =  1.04;  MSE  =  10.06 

p  =  .415 

D  x  B:  F(  47,448)  =  0.44;  MSE  =  10.06 

p  =  .440 

Mission  3 

Drug:  F(4,38)  +  1.35;  MSE  =  118.28 

p  =  .268 

Block:  F(1 1 ,426)  =  1 .90;  MSE  =  1 0.39 

p  =  .036 

D  x  B:  F(  45,426)  =  1.36;  MSE  =  10.39 

p  =  .066 

j  1  Mean  Baseline  Scores:  Placebo  =  95.89  ;  Zol-Dex  =  94.96;  Zol-Mod  =  94.77;  Tem-Dex  =  94.20;  Tem-Mod  =  95.14  **| 

X.XX  Post  hoc  Student-Newman-Keuls  detected  performance  to  be  significantly  (p  <  .05)  better  than  under  the  Placebo  condition. 
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Table  IX. 

ANAM  Grammatical  Reasoning  Task  -  Accuracy  Performance 

Within-Mission  ANOVA  and  Post  Hoc  Analyses  Results  for  Change-from-Baseline  Means1 


|  Mission  1  | 

Test  Block 

i 

4:00 

2 

6:00 

3 

8:00 

4 

10:00 

5 

12:00 

6 

14:00 

7 

16:00 

8 

18:00 

9 

20:00 

10 

22:00 

11 

0:00 

12 

2:00 

13 

4:00 

1.57 

1.22 

0.52 

-2.26 

0.52 

-0.52 

-0.52 

-1.21 

-1.91 

-2.95 

-4.34 

-4.69 

-9.55 

Zol-Dex 

-1.16 

-1.16 

1.62 

0.23 

-0.93 

-3.94 

-0.46 

1.85 

1.16 

-0.23 

-2.78 

-0.69 

0.46 

0.13 

-0.11 

-0.31 

0.52 

-0.73 

0.31 

0.73 

0.31 

0.73 

-0.23 

0.94 

-1.15 

-2.24 

Tem-Dex 

0.52 

-1.35 

0.1 

-1.98 

-2.19 

-1.56 

0.1 

0.73 

0.1 

-0.94 

-4.48 

-2.6 

1.98 

2.21 

3.52 

2.21 

0.39 

4.82 

2.21  | 

2.73 

1.95 

2.73 

0.65 

1.17 

1.95 

-0.91 

|  Mission  2  | 

Test  Block 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

20:00 

22:00 

0:00 

2:00 

4:00 

6:00 

8:00 

10:00 

12:00 

14:00 

16:00 

18:00 

20:00 

-3.65 

-2.95 

-3.3 

-2.95 

-2.6 

-3.64 

-8.86 

-8.85 

-2.61 

-5.73 

-9.2 

-5.4 

-7.16 

Zol-Dex 

-1.62 

-1.62 

-0.23 

-2.78 

-3.01 

-2.78 

-5.65 

-6.02 

-4.86 

-4.4 

-3.24 

-1.16 

0 

-0.33 

-0.52 

0.1 

0.73 

-0.11 

1.77 

-0.73 

-0.12 

0.52 

-0.1 

0.11 

-2.4 

1.15 

Tem-Dex 

-0.1 

-0.11 

-1.35 

-2.6 

-0.73 

-3.23 

-1.98 

-2.19 

0.52 

0.73 

0.31 

-0.73 

-5.31 

-0.91 

-0.13 

2.21 

-2.21 

-1.17 

0.13 

-0.96 

1.17 

2.99 

1.69 

1.43 

2.47 

2.47 

|  Mission  3  | 

Test  Block 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

12:00 

14:00 

16:00 

18:00 

20:00 

22:00 

0:00 

2:00 

4:00 

6:00 

8:00 

10:00 

12:00 

-5.03 

-1.21 

-3.3 

-1.91 

-3.3 

-0.87 

-0.87 

-0.17 

-3.64 

-4.34 

-9.25 

-8.13 

-2.73 

Zol-Dex 

-1.39 

-1.62 

2.31 

-2.78 

-2.84 

0.69 

-1.85 

-0.46 

0 

-4.86 

-3.93 

-3.01 

-0.46 

0.1 

0.1 

-0.73 

-0.94 

-0.52 

-1.98 

-1.15 

1.15 

0.31 

-0.52 

-3.44 

-1.77 

-3.02 

Tem-Dex 

-1.77 

-1.77 

-1.98 

-1.79 

-0.52 

-1.98 

-0.1 

-3.85 

-0.53 

-6.15 

-4.06 

-3.23 

-1.8 

1.17 

2.73 

1,43 

0.13 

0.65 

-0.13 

0.13 

1.95 

-2.84 

0.39 

-4.3 

1.17 

1.43 

1  Within-Mission  ANOVA  Results  1 

Mission  1 

Drug:  F(  4,38)  =  0.97:  MSE  =  180.88 

Block:  F(  8,320)  =  2.49;  MSE  =  25.59 

D  x  B:  F(34,320)  =  1.42,  MSE  =  25.59 

p  =  .422 

p  =  .011 

p  =  .067 

Mission  2 

Drug:  F(4,38)  =  1 .22;  MSE  =  393.91 ; 

Block:  F(  10,378)  =  1.90;  MSE  =  26.62 
DxB:  F(  40,378)  =  1 .40;  MSE  =  26.62 

p  =  .320 

p  =  .044 

p  =  .069 

Mission  3 

Drug:  F(4,38)  =  0.48;  MSE  =  363.25 
Block:  F(1 0,362)  =  3.55;  MSE  =  29.65 
DxB:  F(38,362)  =  0.97:  MSE  =  29.65 

p  =  .751 

p  <  .001 

p  =  .525 

^Mean^Baseline^cores^Placebo^95^66^ol-Dex^=^3£6^ol-Mo£^95^31^^eni-Dex^96n£^em-Mo^=£3n3^jj 


X.XX  I  Post  hoc  Student-Newman-Keuls  detected  performance  to  be  significantly  (p  <  .05)  better  than  under  the  Placebo  condition. 


X.XX  I  Post  hoc  Student-Newman-Keuls  detected  performance  to  be  significantly  (p  <  .05)  better  under  Tern-Mod  than  Zol-Dex. 
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Psychomotor  Vigilance  Task  -  PVT  (Table  X). 

Mission  1:  A  significant  Drug  x  Block  effect  was  detected  for  mean  reciprocal  reaction 
time.  Performance  under  Zol-Dex  was  better  than  that  under  Placebo  during  Block  4. 
Perfonnance  under  Zol-Dex,  Tem-Dex,  and  Tem-Mod  was  better  than  that  under  Placebo 
during  Block  8. 

Mission  3:  A  near  significant  Drug  x  Block  effect  occurred  during  Mission  3.  Perfonnance 
was  better  under  the  Tem-Mod  condition  than  the  Placebo  condition  during  Block  12 
testing. 

Williams  Word  Memory  Test. 

The  number  of  words  recalled  decreased  from  an  overall  mean  of  1 1.55  words  at  Immediate 
Recall  to  a  mean  of  7.08  words  four  hours  later  at  Delayed  Recall  (  ).  There  were  no 
significant  Drug  or  Drug  x  Test  Block  interactions  or  differences  among  the  three  missions. 

Sleepiness  Ratings  (Table  XI). 

Mission  1:  Significant  Drug  and  Drug  x  Block  effects  were  detected.  Early  in  the  mission 
sleepiness  ratings  under  Tem-Dex  were  lower  that  under  Placebo  during  Block  3,  and  were 
lower  than  that  under  Placebo  for  each  of  the  four  Drug  Combination  conditions  during 
Block  4.  Ratings  were  lower  than  under  Placebo  for  all  of  the  Drug  Combination  conditions 
during  Blocks  12  and  13. 

Mission  2:  A  significant  Drug  x  Block  effect  was  detected.  Ratings  were  lower  under  Tem- 
Dex  than  under  Placebo  during  Blocks  7  and  Block  10.  Ratings  were  lower  for  each  of  the 
four  Drug  Conditions  than  for  Placebo  during  Block  12.  Ratings  under  the  Zol-Dem 
condition  were  lower  than  that  under  Placebo  during  Block  13. 

Mission  3:  Near  significant  effects  occurred  for  Drug  and  Drug  x  Block.  Sleepiness  ratings 
were  lower  under  each  of  the  Drug  Combination  conditions  than  the  Placebo  condition 
during  Block  12.  Ratings  under  Tem-Dex  were  lower  than  those  for  Placebo  during  Block 
13. 

Profile  of  Mood  States  -  POMS  (Tables  XII  and  XIII). 

Mood  data  were  not  available  for  the  last  Testing  Block  of  Missions  1  and  2.  Overall 
decreasing  vigor  and  increasing  fatigue  as  each  mission  progressed  were  the  only  consistent 
findings  for  the  mood  data.  Statistically  significant  findings  occurred  at  the  same  single 
point  in  time  -Test  Block  9  during  Mission  1  -  for  both  fatigue  and  vigor.  A  near 
significant  Drug  x  Block  effect  was  accompanied  by  fatigue  scores  being  lower  under  the 
Zol-Dex  than  Placebo  (Table  XII).  A  significant  Drug  x  Block  interaction  for  vigor  detected 
scores  for  all  four  Drug  Combination  conditions  being  higher  than  that  those  for  Placebo 
(Table  XIII). 

Sleep:  Pre-Mission  Crew-Rest  Periods  (Table  XIV). 

Statistically  significant  differences  among  the  five  drug  conditions  were  seldom  detected 
and  then,  for  the  most  part  were  a  rather  disconnected  array  occurring  only  during  the  crew- 
rest  period  preceding  Mission  2  as  summarized  in  Table  XIV. 
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Table  X. 

Psychomotor  Vigilance  Task  (PVT)  -  Mean  Reciprocal  Reaction  Time 

Within-Mission  ANOVA  and  Post  Hoc  Analyses  Results  for  Change-from-Baseline  Means1 


1  Mission  1  [ 

Test  Block 

4 

8 

12 

10:00 

18:00 

2:00 

Placebo 

-0.27 

-0.33 

-0.41 

Zol-Dex 

0.26 

0.22 

-0.08 

Zol-Mod 

-0.14 

-0.07 

-0.26 

Tem-Dex 

0.15 

0.18 

-0.07 

Tern-Mod 

0 

0.29 

0.02 

|  Mission  2  | 

Test  Block 

4 

8 

12 

2:00 

10:00 

18:00 

Placebo 

-0.14 

-0.61 

-0.28 

Zol-Dex 

0.08 

-0.25 

-0.17 

Zol-Mod 

-0.17 

-0.28 

-0.44 

Tem-Dex 

0.02 

-0.23 

-0.01 

Tern-Mod 

0.21 

-0.08 

0.13 

|  Mission  3  | 

Test  Block 

4 

8 

12 

18:00 

2:00 

10:00 

Placebo 

0.04 

-0.36 

-0.7 

Zol-Dex 

0.17 

0.04 

-0.4 

Zol-Mod 

-0.18 

-0.36 

-0.52 

Tem-Dex 

0.17 

-0.07 

-0.53 

Tern-Mod 

0.3 

0.29 

0.04 

1  Within-Mission  ANOVA  Results  [| 

Mission  1 

Drug:  F(4,35)  =  2.90;  MSE  =  0.22 

p  =  .036 

Block:  F(3,94)  =  6.40;  MSE  =  0.06 

p  =  .001 

D  x  B:  F(1 0,94)  =  2.06;  MSE  =  0.06 

p  =  .032 

Mission  2 

Drug:  F(4,35)  =  1.50;  MSE  =  0.31 

p  =  .223 

Block:  F(3,105)  =  9.85;  MSE  =  0.07 

p  <  .001 

DxB:  F(1 2,1 05)  =  1.44;  MSE  =  0.07 

p  =  .162 

Mission  3 

Drug:  F(  4,35)  =  2.41 ;  MSE  =  0.36 

p  =  .067 

Block:  F(3,105)  =  21.32;  MSE  =  0.09 

p  <  .001 

D  x  B:  F(  12,105)  =  1.79;  MSE  =  0.09 

p  =  .060 

1  Mean  Baseline  Scores:  Placebo  =  4.19;  Zol-Dex  =  3.89;  Zol-Mod  =  3.97; 

Tem-Dex  =  4.09;  Tern-Mod  =  4.18 


j°"  X.XX  |  Post  hoc  Student-Newman-Keuls  detected  performance  to  be  significantly 
(p  <  .05)  better  than  under  the  Placebo  condition. 
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Table  XI. 

ANAM  Sleepiness  Ratings 

Within-Mission  ANOVA  and  Post  Hoc  Analyses  Results  for  Change-from-Baseline  Means1 


|  Mission  1  | 

Time  Block 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

4:00 

6:00 

8:00 

10:00 

12:00 

14:00 

16:00 

18:00 

20:00 

22:00 

0:00 

2:00 

4:00 

Placebo 

0.25 

0.42 

0.58 

0.75 

1.08 

0.58 

0.75 

0.75 

1.42 

1.25 

1.58 

2.92 

3.58 

Zol-Dex 

-0.11 

-0.56 

-0.89 

..78 

-0.11 

0.11 

0 

0.22 

0.33 

0.44 

0.11 

0.44 

Zol-Mod 

0.5 

0.1 

-0.4 

-0.2 

0.2 

-0.25 

0.5 

-0.1 

0.4 

0.8 

1.4 

1.9 

Tem-Dex 

-0.4 

-0.4  | 

-0.9 

-0.8 

-0.6 

-0.7 

-0.4 

-0.3 

0.1 

0 

0.7 

1.1 

1.1 

Tern-Mod 

0.25 

-0.38 

-0.25 

-0.13 

-0.38 

-0.25 

0.13 

-0.13 

0.5 

0.38 

0.88 

1.25 

I  Mission  2  | 

Time  Block 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

20:00 

22:00 

0:00 

2:00 

4:00 

6:00 

8:00 

10:00 

12:00 

14:00 

16:00 

18:00 

20:00 

Placebo 

-0.25 

-0.42 

0.08 

0.08 

0.75 

1.08 

2.25 

2.08 

1.75 

2.08 

2.42 

2.08 

1.92 

Zol-Dex 

-0.56 

-0.22 

-0.11 

-0.22 

0.33 

0.22 

0.67 

0.67 

0.89 

0.44 

0.33 

0.67  | 

-0.11 

Zol-Mod 

0.5 

0.3 

0.1 

0.6 

1 

1 

0.8 

0.9 

0.5 

0.6 

0.8 

1.3 

1 

Tem-Dex 

-0.4 

-0.5 

-0.4 

-0.4 

0.1 

0.4  [ 

0.3  | 

|  0.6 

0.9  j 

0.1 

0.1 

0.4 

0.8 

Tern-Mod 

0.25 

0.25 

-0.13 

-0.25 

1.25 

1.38 

1.88 

1.13 

1.13 

1.13 

0.75 

1.38 

1.38 

|  Mission  3 

Time  Block 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

12:00 

14:00 

16:00 

18:00 

20:00 

22:00 

0:00 

2:00 

4:00 

6:00 

8:00 

10:00 

12:00 

Placebo 

-0.08 

0.25 

0.08 

-0.25 

0.08 

0.42 

0.58 

0.92 

1.75 

2.25 

3.08 

4.08 

3.75 

Zol-Dex 

-0.33 

-0.44 

-0.89 

-0.78 

-0.44 

-0.22 

-0.22 

0.11 

0.56 

1.44 

2.11 

1.67 

1.89 

Zol-Mod 

-0.5 

-0.2 

0 

-0.1 

0 

0.3 

0.4 

0.6 

1.6 

1.4 

2 

1.6 

2 

Tem-Dex 

-0.6 

-0.8 

-0.7 

-0.8 

-0.6 

-0.6 

-0.2 

0.1 

0.9 

1.2 

1.4 

1.4 

1.4 

Tern-Mod 

0.38 

0.25 

-0.25 

-0.38 

-0.25 

0.38 

0.88 

0.88 

1.25 

1.38 

1.75 

1.88 

2.13 

i  Within-Mission  ANOVA  Results  I 

Mission  1 

Drug:  F(4,38)  =  3.00;  MSE  =  8.74 

p  =  .030 

Block:  F(9,324)  =  20.72;  MSE  =  1.05 

p  <  .001 

DxB:F(  34,324)  =  1 .58;  MSE  =  1 .05 

p  =  .025 

Mission  2 

Drug:  F(4,38)  =  2.02;  MSE  =9.51 

p  =  .112 

Block:  F(9,357)  =  14.93;  MSE  =  1.09 

p  <  .001 

DxB:F(  38,357)  =  1.66,  MSE  =  1.09; 

p  =  .011 

Mission  3 

Drug:  F(4,38)  =  2.30;  MSE  =  7.69 

p  =  .077 

Block:  F(8,304)  =  56.30;  MSE  =  1.22 

p<  .001 

DxB:  F(  32,304)  =  1.35;  MSE  =  1.22 

p  =  .107 

'  Mean  Baseline  Scores:  Placebo  =  1.92;  Zol-Dex  =  2.56;  Zol-Mod  =  1.80;  Tem-Dex  =2.20  ;  Tern-Mod  =  1.75 


I  x.xx  I 


Post  hoc  Student-Newman-Keuls  detected  sleepiness  to  be  significantly  (p  <  .05)  less  than  under  the  Placebo  condition. 
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Table  XII. 

Profile  of  Mood  States:  Fatigue  Scores 

Within-Mission  ANOVA  and  Post  Hoc  Analyses  Results  for  Change-from-Baseline  Means1 


|  Mission  1  j 

Test  Block 

1 

5 

9 

13 

4:00 

12:00 

20:00 

4:00 

Placebo 

-0.33 

1.67 

4.5 

* 

Zol-Dex 

-5.17 

-5.06 

-4.83 

* 

Zol-Mod 

-1.1 

-3.5 

-9 

* 

Tem-Dex 

-1 

-2.1 

-1.1 

* 

Tem-Mod 

0.38 

-3.5 

-2.25 

* 

|  Mission  2  | 

Test  Block 

1 

5 

9 

11 

20:00 

4:00 

12:00 

20:00 

Placebo 

-2 

5.17 

6 

* 

Zol-Dex 

-4.72 

-2.72 

0.06 

* 

Zol-Mod 

0.3 

3.4 

1.7 

* 

Tem-Dex 

-2.5 

1 

2.9 

* 

Tem-Mod 

1.13 

7.88 

5.5 

* 

|  Mission  3  | 

Test  Block 

1 

5 

9 

13 

12:00 

20:00 

4:00 

12:00 

Placebo 

-1.17 

-2.17 

5.67 

13.83 

Zol-Dex 

-5.39 

-4.28 

1.28 

2.28 

Zol-Mod 

-2 

-2.2 

2.7 

7.7 

Tem-Dex 

-2.2 

-3 

3.8 

6.5 

Tem-Mod 

0 

-2.13 

7 

11.88 

1  Within-Mission  ANOVA  Results  1 

Mission  1 

Drug:  F(4,38)  =  2.00;  MSE  =  50.77 

p  =  .115 

Block:  F(3,1 14)  =  3.00,  MSE  =  12.42 

p  =  .034 

DxB:  F(1 2, 1 14)  =  1.69;  MSE  =  12.42 

p  =  .078 

Mission  2 

Drug:  F(4,38)  =  1.64;  MSE  =  87.65 

p  =  .185 

Block;  F(3,1 14)  =  8.12;  MSE  =  27.60 

p  <  .001 

DxB:  F(  1 2, 1 14)  =  1.11;  MSE  =  27.60 

p  =  .363 

Mission  3 

Drug:  F(4,38)  =  1.60;  MSE  =  91.43 

p  =  .205 

Block:  F(3,125)  =  31.69;  MSE  =  35.21 

p  <  .001 

DxB:  F(  1 3, 1 25)  =  0.89;  MSE  =35.21 

p  =  .571 

(p  <  .05)  lower  than  under  the  Placebo  condition. 


*  missing  data 
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Table  XIII. 

Profile  of  Mood  States:  Vigor  Scores 

Within-Mission  ANOVA  and  Post  Hoc  Analyses  Results  for  Change-from-Baseline  Means1 


|  Mission  1  | 

Test  Block 

1 

5 

9 

13 

4:00 

12:00 

20:00 

4:00 

Placebo 

-2.5 

-7.83 

-15.83 

* 

Zol-Dex 

0.22 

0.33 

-2.33 

* 

Zol-Mod 

-5.65 

-3.95 

-5.75 

* 

Tem-Dex 

-1.1 

2.6 

-2.33 

* 

Tem-Mod 

-5.75 

2.75 

1 

* 

Mission  2  j 

Test  Block 

1 

5 

9 

13 

20:00 

4:00 

12:00 

20:00 

Placebo 

1.67 

-11 

-11.67 

* 

Zol-Dex 

-4.67 

-7.78 

-8.78 

* 

Zol-Mod 

-10.05 

-10.05 

-12.05 

* 

Tem-Dex 

0.1 

-86 

-6.5 

* 

Tem-Mod 

-12.25 

-16 

-10.38 

* 

Mission  3  j 

Test  Block 

1 

5 

9 

13 

12:00 

20:00 

4:00 

12:00 

Placebo 

-5.5 

2.67 

-13.83 

-16.33 

Zol-Dex 

-5.11 

-5.89 

-13.11 

-13.11 

Zol-Mod 

-4.15 

-7.35 

-14.55 

-17.35 

Tem-Dex 

1.2 

1.7 

-7.1 

-9.4 

Tem-Mod 

-8.63 

-9.13 

-17.38 

-19 

Within-Mission-ANOVA  Results 

Mission  1 

Drug:  F(4,38)  =  2.52;  MSE  =  96.57 

p  =  .057 

Block:  F(3,1 14)  =  4.32,  MSE  =  124.28 

p  =  .006 

DxB:  F(1 2, 1 14)  =  2.22;  MSE  =  124.28 

p  =  .015 

Mission  2 

Drug:  F(4,38)  =  1.23;  MSE  =  174.05 

p  =  .314 

Block;  F(3,1 14)  =  20.83  MSE  =  151.58 

p  <  .001 

DxB:  F(1 2, 1 14)  =  1.44;  MSE  =  151.58 

p  =  .157 

Mission  3 

Drug:  F(4,38)  =  1.94;  MSE  =  212.80 

p  =  .124 

Block:  F(4, 1 52)  =  36.83;  MSE  =  191.22 

p  <  .001 

DxB:  F(16,152)  =  0.1.08;  MSE  =191.22 

p  =  .378 

1  Mean  Baseline  Scores:  Placebo  =  49.83;  Zol-Dex  =  45.67;  Zol-Mod  =  48.75; 

Tem-Dex  =  47.30;  Tem-Mod  =  51 .50 


^CXX_J  Post  hoc  Student-Newman-Keuls  detected  scores  to  be  significantly 
(p  <  .05)  higher  than  under  the  Placebo  condition. 

*  missing  data 
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Table  XIV 

Mean  Time  (min.)  Spent  in  Sleep  States  During 
Pre-Mission  and  Recovery  Crew  Rest  Periods 


Crew  Rest  Period  Preceding  Mission  1  | 

‘Sip  Lat 

TST 

Stg  1 

Stg  2 

Stg  3 

Stg  4 

REM 

Placebo 

8.5 

447 

32.4 

204 

35.8 

88.9 

84.8 

Zol-Dex 

13.3 

522 

38.5 

281 

30.1 

87.6 

73.1 

7.5 

509 

34.9 

266 

32.1 

90.5 

80.9 

Tem-Dex 

13 

487 

29.3 

264 

27.1 

77.6 

89.1 

64.3 

450 

42.5 

234 

20 

73.1 

79.4 

Crew  Rest  Period  Preceding  Mission  2  | 

Sip  Lat 

TST 

Stg  1 

Stg  2 

Stg  3 

Stg  4 

REM 

Placebo 

3.9 

520 

62.6° 

208 

29.4 

107.3 

111.9° 

Zol-Dex 

8.6 

460 

222 

26.7 

127.4 

33.8°  E 

9.6 

385A 

28. 4C 

157 

21.2 

114.8 

63. 9d 

Tem-Dex 

7.4 

449 

15.4bc 

23.3 

106.6 

63.1° 

12.2 

487 

36.4 

230 

19.8 

125 

67.5° 

Crew  Rest  Period  Preceding  Mission  3  | 

Sip  Lat 

TST 

Stg  1 

Stg  2 

Stg  3 

Stg  4 

REM 

Placebo 

15.3 

638 

24.6 

332 

41.3 

87.4 

152.5 

Zol-Dex 

16.1 

596 

33.4 

318 

27.6 

119.4 

97 

14.1 

612 

25.1 

292 

33.7 

127.4 

133.1 

Tem-Dex 

15.2 

617 

32 

332 

25.3 

9:36 

106.7 

15.4 

632 

79 

263 

32.6 

117 

121.6 

Recovery  Period  Following  Mission  3  | 

Sip  Lat 

TST 

Stg  1 

Stg  2 

Stg  3 

Stg  4 

REM 

Placebo 

6.7 

514 

32.8 

255 

31.8 

96.4 

97.7 

Zol-Dex 

7.8 

567 

41.4 

314 

34 

128.7 

130.1 

7.7 

400 

20.6 

179 

25.3 

131.3 

108 

Tem-Dex 

6.8 

535 

35.6 

271 

30.2 

116.4 

81.3 

8.4 

477 

50.4 

185 

24.6 

109.4 

105.5 

A 

TST  was  near-significantly  (p  =  .052)  less  for  Zol-Mod  than  Placebo. 

g 

Zol-Dex  had  significantly  (p  <  .05)  more  Stg  1  sleep  than  did  Tem-Dex. 

Q 

Zol-Mod  and  Tem-Mod  had  significantly  (p  <  .05)  less  REM  sleep  than  Placebo. 

D  All  four  Drug-Combination  conditions  had  significantly  (p  <  .05)  less  REM  sleep  than  Placebo. 

E  Zol-Dex  had  significantly  (p  <  .05)  less  REM  sleep  than  each  of  the  other  four  conditions. 

*Slp  Lat:  Mean  Sleep  Latency  Stg  3:  Mean  Total  Time  in  Stage  3  Sleep 

TST:  Mean  Total  Sleep  Time  Stg  4:  Mean  Total  Time  in  Stage  4  Sleep 

Stg  1:  Mean  Total  Time  in  Stage  1  Sleep  REM:  Mean  Total  Time  in  Rapid  Eye  Movement  Sleep 

Stg  2:  Mean  Total  Time  in  Stage  2  Sleep 
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DISCUSSION  (not  yet  completed) 

The  findings  consistently  demonstrated  cognitive  performance  and  subjective 
affect  to  deteriorate  under  the  placebo  condition  as  the  simulated  surge  progressed  in  time 
within  and  across  the  three  missions,  but  to  remain  relatively  stable  or  deteriorate  little 
both  within  and  across  the  three  missions  for  each  of  the  four  drug-combination 
conditions.  Statistically  significant  differences  in  the  outcome  measures  between  the  five 
drug  conditions  were  overwhelmingly  dominated  by  differences  between  the  placebo 
condition  and  each  of  the  other  four  dug-combination  conditions.  Statistically  significant 
main  or  interaction  effects  between  the  four  drug-combination  conditions  were  very  rare 
and  seemingly  random.  No  consistent  findings  related  to  the  drug  conditions  were 
statistically  detected  for  any  of  the  sleep  metrics. 

CONCLUSION 

The  combined  sequential  use  of  sleep-  and  alertness-aid  medications  currently 
approved  by  the  USAF  for  pre -mission  crew-rest  and  long-duration  missions  significantly 
extended  cognitive  perfonnance  during  a  simulated  surge.  There  were  no  statistical 
differences  among  the  four  drug-combinations  in  their  efficacy  to  maintain  cognitive 
performance.  The  effects  of  the  drug-combinations  on  pre -mission  sleep  quantity  and 
quality  did  not  systematically  differ  from  each  other  or  the  placebo  condition. 
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given  either  1  mg  flamazenil  or  placebo  and  tested.  At  the  beginning  of  the  second  hour  after  awakening,  participants  were  given  a 
second  sublingual,  1  mg  does  of  flumazenil  or  placebo  and  tested  over  the  next  5  hours.  The  repeated-measures,  double-blind  design 
showed  flumazenil  provided  partial  recovery  from  the  soporific  effects  of  zolpidem.  Conclusions:  1. Sublingual  flumazenil,  administered 
immediately  on  awakening,  was  shown  to  reverse  the  cognitively  degrading  effects  of  zolpidem  by  23%,  restoring  performance  to  92.5%  of 
placebo.  2.  One  to  two  hours  after  awakening,  performance  did  not  return  to  the  level  of  the  placebo  after  flumazenil  administration,  but 
rather  joined  the  zolpidem-only  decay  function  which  continued  to  be  approximately  20%  degraded  compared  to  placebo.  3.  At  five  hours 
post  awakening,  performance  remained  degraded  by  10-11%  compared  to  placebo.  4.  Consideration  should  be  given  to  developing  a  new 
means  of  administering  liquid  flumazenil  in  a  form  that  can  be  self-administered  and  quickly  dissolved  when  placed  under  the  tongue. 

15.  SUBJECT  TERMS 

Flumazenil,  Zolpidem,  Sublingual  administration,  Fatigue  management,  Cognitive  performance,  Sleep 
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INTRODUCTION 

Fatigue  resulting  from  reduced  sleep  and  disrupted  circadian  rhythms  (daily  sleep/wake 
cycles)  is  well  established  to  cause  significant  decrements  in  cognitive  or  mental  performance. 

In  military  operational  environments,  fatigue  induced  performance  decrements  resulting  from 
reduced  sleep  and  disrupted  daily  rhythms  may  result  in  outcomes  ranging  from  severe 
discomfort,  to  mission  degradation,  to  loss  of  life.  Commonly  used  fatigue  countermeasures 
such  as  improved  sleeping  conditions  and  more  frequent  rest  breaks  are  sometimes  insufficient 
or  are  not  available  options  to  counter  the  effects  of  the  cumulative  fatigue  caused  by  disrupted 
and  lost  sleep  during  extreme  sustained  and  long-duration  military  operations.  In  these  critical 
situations,  military  commanders  and  physicians  may  jointly  approve  the  controlled  and  limited 
operational  application  of  sleep-aid  medications  to  promote  and  enhance  sleep  during 
opportunities  for  rest  and  recovery  under  less  than  ideal  sleeping  conditions.  These  sleep 
medications  have  been  previously  approved  by  the  Food  and  Drug  Administration  (FDA)  for 
routine  use  to  induce  and  maintain  sleep  in  adults  with  various  sleep  disorders.  The  considerable 
advantages  of  using  selected  sleep-aid  drags  to  enhance  sleep  and  subsequent  performance  in 
military  personnel  participating  in  sustained  operations  has  been  well  documented  in  a  number  of 
recent  conflicts,  including  Operation  Desert  Storm  and  Operation  Iraqi  Freedom  (Comum, 
Cornum,  &  Storm,  1995;  Emonson  &  Vanderbeek,  1995).  However,  because  the  very  reason  for 
using  these  drags  is  that  they  promote  drowsiness  and  sleep,  personnel  administered  a  sleep-aid 
to  enhance  rest  may  not  be  able  to  remain  alert  and  perform  effectively  if  awakened  while  under 
the  drag’s  influence.  Thus,  for  military  operations,  it  would  be  very  useful  to  have  available, 
when  needed,  another  drag  that  could  be  readily  self-administered  to  counteract  the  sleepiness 
effects  of  a  recently  administered  sleep-aid  drag. 

Zolpidem  tartrate  (Ambien®,  Sanofi-Aventis)  is  one  of  three  hypnotic  compounds 
approved  by  the  USAF  Surgeon  General  for  use  to  promote  sleep  in  aircrews  and  special  duty 
personnel  that  must  acquire  pre-mission  crew  rest  under  adverse  and  demanding  operational 
situations  (the  two  other  USAF  approved  sleep-aids  are  temazepam  and  zaleplon).  Prior  to 
reporting  for  airborne  missions  USAF  aircrews  are  required  by  regulation  to  receive  12  hours  of 
inviolate  crew  rest  during  which  they  must  be  afforded  the  opportunity  for  at  least  eight  hours  of 
uninterrupted  sleep.  When  approved  for  use  by  the  unit  commander  and  flight  surgeon  the 
recommended  therapeutic  dose  of  10  mg  zolpidem  may  be  taken  no  less  than  six  hours  before 
reporting  for  the  scheduled  crew  duty  day  and  mission.  Zolpidem’s  pharmacokinetic  profile 
makes  its  designated  application  during  the  regulated  12-hour  aircrew  rest  periods  effective  and 
safe.  Peak  plasma  concentrations  are  reached  1.0- 1.5  hours  after  ingestion  and  the  elimination 
half-life  is  2. 0-2. 5  hours. 

Decisions  on  the  use  of  zolpidem  to  enhance  the  restorative  value  of  sleep  during  crew- 
rest  must  weigh  the  benefits  and  risks  given  the  nature  of  the  military  operation,  the  condition  of 
the  personnel,  the  sleeping  environment,  and  the  likelihood  that  the  sleep  could  be  interrupted 
while  under  the  influence  of  zolpidem.  Studies  seldom  find  residual  effects  following  an 
uninterrupted  night’s  sleep  or  extended  daytime  sleep  with  10  or  20  mg  zolpidem  (Caldwell, 
Prazinko,  Rowe,  et  al.,  2003;  Eddy,  Barton,  Cardenas,  et  al„  2006).  However,  emergency  and 
contingency  situations  can  arise  during  intense,  sustained  military  operations  that  require 
sleeping  personnel  be  awakened  prior  to  completion  of  their  allotted  sleep  period.  The  sedation 
induced  by  zolpidem  is  the  result  of  central  nervous  system  depression  and  personnel  may  be 
ineffective  until  the  soporific  effects  of  the  compound  wear  off  (Storm,  Eddy,  Welch,  et  ah. 
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2007).  Cognitive  performance  and  alertness  have  consistently  been  found  to  be  impaired  when 
zolpidem  is  present  at  peak  or  near-peak  plasma  levels  during  the  immediate  hours  following 
ingestion.  Thus,  for  military  operations,  it  would  be  very  useful  to  have  available,  when  needed, 
an  agent  that  could  be  readily  self-administered  to  counteract  the  sedation  effects  of  a  recently 
administered  sleep-aid  drug. 

Flumazenil  (Romazicon®)  is  an  imidazobenzodiazepine  derivative  approved  by  the  Food 
and  Drug  Administration  (FDA)  to  be  given  intravenously  in  clinical  settings.  It  antagonizes  the 
actions  of  benzodiazepines  on  the  central  nervous  system  by  competitively  inhibiting  activity  at 
the  benzodiazepine  recognition  site  on  the  GABA/benzodiazepine  receptor  complex.  Flumazenil 
is  a  weak  partial  agonist  in  some  animal  models  of  activity,  but  has  little  or  no  agonist  activity  in 
man.  Flumazenil  does  not  antagonize  the  central  nervous  system  effects  of  drags  affecting 
GABA-ergic  neurons  by  means  other  than  the  benzodiazepine  receptor  (including  ethanol, 
barbiturates,  or  general  anesthetics)  and  does  not  reverse  the  effects  of  opioids  (Romazicon® 
package  insert).  Flumazenil  does  not  appear  to  change  zolpidem  plasma  concentrations, 
suggesting  a  pharmacodynamic  interaction  (Patat,  Naef,  van  Gessel,  et  ah,  1994).  The 
manufacturer,  Roche,  notes,  “The  pharmacokinetics  of  benzodiazepines  is  unaltered  in  the 
presence  of  flumazenil.” 

When  administered  immediately  after  surgeries  flumazenil  shortens  the  time  required  for 
recovery  from  the  sedative  effects  of  surgical  anesthetics.  It  also  reverses  the  effects  of 
overdoses  of  sleep-aid  drags  including  zolpidem.  Flumazenil  has  been  used  to  antagonize 
sedation,  impairment  of  recall,  psychomotor  impairment,  and  ventilatory  depression  produced  by 
overdoses  of  benzodiazepines.  Wesensten,  Balkin,  Davis,  et  ah,  (1995)  administered  20  mg 
zolpidem  or  0.5  mg  triazolam  immediately  followed  by  90  minutes  of  daytime  sleep. 

Intravenous  flumazenil  administered  immediately  on  awakening  prevented  impairment  by  either 
drag,  although  sedation  effects  returned  six  hours  after  zolpidem  administration. 

Currently  the  only  effective  method  of  administering  flumazenil  is  through  intravenous 
administration.  Obviously,  intravenous  administration  of  flumazenil  under  the  conditions  of  an 
operational  emergency  or  sudden  call-to-duty  is  militarily  impractical.  The  present  study 
evaluated  the  efficacy  of  sublingual  doses  of  flumazenil  to  counteract  the  soporific  effects  of 
zolpidem  on  cognitive  performance  in  an  operationally-relevant,  sudden-awakening  paradigm. 

Flumazenil  Elimination 

Metabolism.  Flumazenil,  an  imidazobenzodiazepine,  has  an  elimination  half-life  of  54 
minutes  (range  41  -  79),  and  is  primarily  metabolized  by  the  liver  to  two  inactive  metabolites 
that  are  excreted  in  the  urine.  It  is  primarily  hydrolyzed  by  a  liver  carboxylesterase  to  flumazenil 
acid  and  N-dealkylated  to  N-demethylated  flumazenil,  probably  by  the  cytochrome  P-450 
system,  as  are  other  benzodiazepine  compounds  (Kleingeist,  Bocker,  Geisslinger  &  Bragger, 
1998).  This  remains  to  be  determined. 

Competition  with  benzodiazepines.  Binding  of  benzodiazepines  to  the  gamma- 
aminobutyric  acid  receptor  occurs  at  the  c»i  and  0)2  subunits.  Flumazenil  does  not  discriminate 
between  the  subunits  and  has  a  dissociation  coefficient  of  0.60  ng/L  (Lowenstein,  Rosenstein, 
Caputti  &  Cardinali,  1984).  Flumazenil  is  approximately  50%  bound  to  serum  protein 
(Romazicon®  package  insert).  Zolpidem,  an  imidazopyridine,  is  highly  selective  for  the  c»i 
subunit,  and  has  a  similar  dissociation  coefficient  of  1.5  -  2.1  ng/L  (Munakata,  Jin,  Akaike,  & 
Nielsen,  1998).  Several  studies  have  examined  the  pharmacokinetic  interaction  of  flumazenil 
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with  hypnotic  agents.  One  small  study  found  that  lmg  of  intravenous  flumazenil  prolonged  the 
elimination  half-life  of  0.1  -  0.2  mg/kg  of  midazolam,  a  short-acting  imidazobenzodiazepine 
(Bonfiglio,  Fisher-Katz,  Saltis,  et  al.,  1996).  A  second  study  found  that  a  smaller  dose,  0.005 
mg/kg,  of  intravenous  flumazenil  reversed  cognitive  impairment,  due  to  0.025  mg/kg  of 
midazolam,  on  the  Digit  Symbol  Substitution  Test,  without  significantly  altering  midazolam 
pharmacokinetics  (Rogers,  Morrison,  Nafziger,  et  ah,  2002).  Another  study  found  that  while 
effective  for  reversing  zolpidem-induced  sedation  and  psychomotor  impairment,  0.04  mg/kg  of 
intravenous  flumazenil  had  no  effect  on  zolpidem  pharmacokinetics  (Patat,  et  ah,  1994).  This 
study  was  unusual  in  that  zolpidem  was  administered  intravenously,  rather  than  orally,  and  found 
a  mean  serum  elimination  half-life  of  1.2  hours  for  zolpidem  versus  2.4  hours  after  oral  dosing. 
Similarly,  a  previous  study  showed  1  mg  of  intravenous  flumazenil  to  ameliorate  immediate  and 
delayed  memory  impairment  due  to  20  mg  of  zolpidem  or  0.5  mg  of  triazolam  (Wesensten,  et  ah, 
1995). 

It  is  possible  that  competition  for  elimination  via  the  liver  exists  for  flumazenil  and 
hypnotic  agents,  such  as  zolpidem,  but  this  is  only  seen  when  the  quantities  of  both  dings  are 
sufficient  to  saturate  the  liver  CYP  3A4  enzyme  binding.  The  zolpidem  displaced  from  oil  and 
CYP  3A4  sites  could  remain  in  the  serum  or  bind  to  another,  unknown  receptor. 

Flumazenil  formulation  and  administration 

Intravenous  solution  administered  sublingually.  Currently,  the  only  FDA  approved 
formulation  of  flumazenil  is  a  solution  for  intravenous  administration,  1-mg  per  10-ml.  The  time 
and  logistical  requirements  for  intravenous  administration  preclude  this  route  of  administration 
for  military  operational  use.  Flumazenil  has  been  administered  via  other  routes  in  research  and 
clinical  trials.  Flumazenil  pharmacokinetics  was  compared  for  oral  administration  (30-mg) 
versus  intravenous  administration  (2-mg)  in  healthy  young  and  elderly  persons  (Roncari,  Timm, 
Zumbrunnen,  et  ah,  1993).  Bioavailability  was  found  to  be  about  25%.  Orally  administered 
flumazenil  reduced  diastolic  blood  pressure.  Side  effects  described  were  dizziness,  mild 
confusion,  and  circulatory  insufficiency.  Though  these  were  considered  mild,  they  are  not 
compatible  with  military  operations,  particularly  the  aerospace  environment.  Nasal 
administration  has  been  used  to  reverse  sedation  in  pediatric  anesthesia  (Scheepers, 

Montgomery,  Kinahan,  et  ah,  2000).  Submucosal  administration  was  compared  to  intravenous 
administration  in  dogs  (Oliver,  Sweatman,  Unkel,  et  ah,  2000).  One  study  compared  flumazenil 
administration  (0.2-mg,  then  another  0.3-mg  30  seconds  later)  for  the  reversal  of 
benzodiazepine-induced  respiratory  depression  in  dogs  via  intravenous  (IV),  sublingual  (SL), 
intramuscular  (IM),  and  rectal  (PR)  routes  (Heniff,  Morre,  Trout,  et  ah,  1997).  The  rapidity  of 
reversal  (in  seconds)  was:  IV  120  ±  24.5,  SL  262  ±  94.5,  IM  310  ±  133.7,  and  PR  342  ±  84.4. 

The  mean  difference  in  time  between  IV  and  SL  administration,  142  seconds,  is  far  less  than  the 
time  to  establish  intravenous  access  for  administering  flumazenil.  This  makes  the  SL  route 
attractive  for  military  operational  use. 

Goal  of  Study 

The  goal  of  the  present  study  was  to  demonstrate  the  feasibility  of  delivering  flumazenil 
by  the  sublingual  route  in  humans  and  to  determine  its  effects  on  cognitive  performance, 
physiological  performance,  and  side  effects.  It  was  understood  that  our  method  would  not  ensure 
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100%  bioavailability.  With  the  success  of  this  feasibility  study,  it  was  hoped  that  it  would 
stimulate  the  formulation  and  testing  of  a  field  ready  product.  Such  a  product  might  find  use  in 
military  operations  as  a  safe  way  to  rest  fatigued  warfighters  without  diminishing  their  fighting 
capacity. 


METHODS 


Participants 

Five  women  and  eight  men  (mean  age  28.8  years,  range  20-42  years)  completed  the 
study.  Volunteers  were  thoroughly  briefed  on  the  possible  risks  and  discomforts  associated  with 
participation  and  medically  examined  (including  blood  chemistry  and  liver  function)  by  a 
qualified  medical  practitioner  with  knowledgeable  of  the  objectives  and  requirements  of  the 
study.  Volunteers  with  evidence  of  any  current  significant  illness,  sleep  abnormalities,  use  of 
tobacco,  excessive  use  of  caffeine  or  alcohol,  or  being  excessively  over-  or  underweight  were  not 
allowed  to  participate.  The  medical  examination  assured  that  participants  were  not  currently 
using  dings  that  might  interact  with  those  being  evaluated  in  the  study.  Women  who  were 
pregnant  or  attempting  to  become  pregnant  were  excluded.  Female  participants  were 
administered  a  urine  pregnancy  test  immediately  prior  to  each  experimental  session.  The 
research  protocol  and  Informed  Consent  Document  (ICD)  were  reviewed  and  approved  by  the 
Brooks  City-Base  Institutional  Review  Board  (IRB)  in  advance  of  participant  recruitment. 
Participants  gave  written  informed  consent  before  participating  and  were  paid  for  their 
participation.  Review  by  the  FDA  determined  that  an  Investigational  New  Drug  (IND) 
application  was  not  required  for  the  protocol. 

Preparation  of  sublingual  Flumazenil 

Flumazenil  is  insoluble  in  water  but  mostly  soluble  in  acidic  solutions.  The  intravenous 
formulation  is  adjusted  to  a  pH  of  4  (approximately  the  acidity  of  ascorbic  acid).  It  has  a  slightly 
bitter  and  salty  taste.  Lemon  extract  was  used  to  mask  this  taste  by  adding  1  ml  of  McCormick’s 
Pure  Lemon  Extract  (alcohol  84%,  water  and  oil  of  lemon)  to  each  10  ml  of  flumazenil  solution. 
Theoretically,  this  was  adequate  to  maintain  a  pH  of  <  4;  the  actual  pH  of  the  end  solution  was 
not  assayed.  The  flumazenil  placebo  was  formulated  substituting  distilled  water  for  the 
flumazenil  solution.  To  facilitate  sublingual  administration,  five  aliquots  of  approximately  2.2 
ml  each  ( 1  mg  of  flumazenil)  were  drawn  into  syringes.  This  allowed  a  comfortable  volume  of 
solution  beneath  the  tongue.  Drag  and  placebo  packaging  with  freshly  made  solutions  and 
blinding  were  performed  by  the  pharmacy  staff  at  Wilford  Hall  Medical  Center  (WHMC)  the 
morning  of  each  experimental  session. 

Facility >  and  Materials 

This  study  was  conducted  at  the  Air  Force  Research  Laboratory  Biosciences  and 
Protection  Division  (AFRL/HEP),  Fatigue  Countermeasures  Lab  (FCL)  located  at  Brooks  City- 
Base,  Texas.  During  the  experimental  sessions  each  participant  was  assigned  to  a  private  room 
equipped  with  a  computer  and  desk  for  testing,  a  bed,  an  easy  chair,  and  a  private  bath. 
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Throughout  the  experimental  sessions  the  participants  were  always  under  the  direct  observation 
of  research  personnel  or  knowingly  monitored  from  a  central  control  station  by  closed  circuit 
television,  excluding  of  course  the  private  baths.  Infra-red  capability  allowed  monitoring  of  the 
participants  while  sleeping  in  the  darkened  rooms.  An  intercom  system  allowed  the  participants 
to  contact  the  investigators  at  any  time. 

Controlled  drugs  were  managed  in  accordance  with  AFRL/HEP  Operating  Instruction  44- 
102,  “Research  Drug  Control.”  Facilities  within  AFRL/HEP  and  the  FCL  comply  with  Drug 
Enforcement  Agency  (DEA)  and  USAF  requirements  for  the  storage  and  maintenance  of  FDA 
Schedule  II-V  pharmaceuticals.  One  of  the  investigators  (DRE)  was  registered  with  the  DEA 
and  the  Texas  Department  of  Public  Safety  and  certified  to  dispense  for  study  Schedule  II-V 
drags.  Zolpidem  10  and  20  mg  tablets  were  obtained  from  the  WHMC  pharmacy’s  normal  stock 
and  packed  in  standard  size  gelatin  capsules  using  psyllium  as  filler.  The  placebo  sleep  aid 
consisted  of  the  gelatin  capsule  filled  with  psyllium.  Flumazenil  was  acquired  from  Roche  in  10 
ml  multiple -use  vials  containing  0. 1  mg/ml  flumazenil. 

The  FDA  recommends  that  flumazenil  be  administered  as  a  distributed  series  of  small 
injections  for  the  reversal  of  the  sedative  effects  of  benzodiazepines  administered  for  conscious 
sedation.  The  recommended  initial  dose  of  flumazenil  is  0.2  mg  (2  ml)  administered 
intravenously  over  15  seconds.  If  the  desired  level  of  consciousness  is  not  obtained  after  waiting 
an  additional  45  seconds,  a  further  dose  of  0.2  mg  (2  ml)  can  be  injected  and  repeated  at  60- 
second  intervals  where  necessary  to  a  maximum  total  dose  of  1  mg  (10  ml).  In  the  event  of  re¬ 
sedation,  repeated  doses  may  be  administered  at  20-minute  intervals  as  needed.  For  repeat 
treatments  no  more  than  1  mg,  given  as  0.2  mg/min,  should  be  administered  at  any  one  time,  and 
no  more  than  3  mg  should  be  given  in  any  one  hour.  Considering  the  FDA  guidance,  sublingual 
doses  of  flumazenil  for  this  study  were  administered  using  small,  blunt  syringes  filled  with 
2.2  ml  of  solution,  flumazenil  or  placebo.  A  1  mg  dose  of  flumazenil  or  placebo  consisted  of 
administering  five  syringes  at  one-minute  intervals. 

Experimental  Design 

This  study  employed  a  double-blind,  repeated-measures  design.  Four  combinations  of 
sleep-aid/sleep-aid-countermeasure  treatments  were  evaluated  (Table  1):  passive  control 
(zolpidem-placebo/2,  flumazenil-placebo,  P/P);  zolpidem  active  control  (10  mg  zolpidem/2, 
tlumazenil-placebo,  Z10/P);  experimental  condition  1  (10  mg  zolpidem/2,  1  mg  flumazenil, 
Z10/F);  experimental  condition  2  (20  mg  zolpidem/2,  1  mg  flumazenil,  Z20/F).  A  zolpidem- 
placebo/flumazenil  condition  was  not  included  since  it  has  been  demonstrated  that  flumazenil 
has  no  intrinsic  alerting  effects  on  performance  when  administered  alone  (Wesensten,  et  al., 
1996).  A  20  mg  zolpidem/flumazenil-placebo  condition  was  not  included  since  the  effects 
would  only  be  worse  than  under  the  Z10/P  condition. 


Table  1.  Treatment  Conditions  for  Flumazenil  Study 


Countermeasure  I 

Sleep  Aid 

Placebo 

2,  1  mg  doses  flumazenil 

Placebo 

Passive  Control 

- 

10  mg  zolpidem 

Active  Control 

Experimental  Condition  1 

20  mg  zolpidem 

- 

Experimental  Condition  2 
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Four  groups,  each  comprised  of  2-4  participants,  were  randomly  assigned  to  different  4x4 
Latin  squares,  with  each  participant  exposed  to  a  different  treatment  during  each  of  his/her  four 
experimental  sessions.  The  first  (n=4)  and  second  (n=4)  groups  completed  their  four 
experimental  sessions  during  the  same  four  consecutive  weeks,  one  session  per  week.  The  third 
(n=3)  and  fourth  (n=2)  groups  were  subsequently  tested  on  a  similar  four-week  schedule.  At  the 
point  of  the  first  and  second  groups  having  completed  data  collection  for  their  first  two 
experimental  sessions,  the  medical  monitor  determined  that  the  Z20/F  condition  had,  in  four  of 
four  cases,  resulted  in  considerable  nausea  and  emesis  on  or  soon  after  awakening  and  for  up  to 
five  hours  post-awakening,  with  there  being  no  apparent  relief  from  flumazenil.  The  medical 
monitor,  the  investigators,  and  the  IRB  considered  it  inappropriate  and  unnecessary  to  continue 
the  Z20/F  condition  in  the  study.  Unbeknown  to  the  participants,  but  with  expeditious  review 
and  approval  of  the  IRB  so  as  not  to  delay  the  testing  schedule,  the  Z20/F  condition  was  replaced 
for  the  remainder  of  the  study  by  a  second  administration  of  the  placebo/placebo  (P/P)  condition. 
This  modification  maintained  the  experimental  design  and  testing  milieu  and  allowed  data 
collection  to  be  completed  for  the  Z10/F,  Z10/P,  and  P/P  conditions.  The  first  and  second  groups 
were  informed  of  the  modification  following  completion  of  their  fourth  experimental  session. 
Prior  to  initiating  data  collection  for  the  third  and  fourth  groups  the  IRB  approved  a  modified 
protocol  and  ICD  incorporating  the  deletion  of  the  Z20/F  condition  to  which  the  participants 
gave  updated  written  informed  consent.  The  limited  and  incomplete  data  collected  under  the 
Z20/F  condition  were  not  included  in  the  statistical  analyses. 

Tests  and  Measures 

Automated  Neuropsychological  Assessment  Metrics  (ANAM):  Four  cognitive 
performance  assessment  tasks  from  the  PC-based  ANAM  battery  were  applied  in  this  study.  The 
four  tasks  required  a  total  of  about  14  minutes  for  a  well-practiced,  alert  participant  to  complete 
under  baseline  conditions.  Response  times  and  correct  and  incorrect  responses  were  recorded. 
The  four  ANAM  tasks  were  performed  in  the  following  sequence  during  each  testing  block. 

1)  Reaction  Time  -  Simple  Reaction  Time  -  pressing  a  computer  mouse  key  in  response  to  a 
visual  stimulus  presented  at  a  centrally  fixed  point  on  the  computer  screen  -  was  evaluated. 

Mean  reaction  time  to  20  stimuli  (inter-stimulus  interval  of  650-1200  msec)  presented  during  a 
less  than  one-minute  trial  was  the  outcome  measure.  2)  Mathematical  Processing  -  Each 
problem  in  this  task  includes  two  mathematical  operations  (addition  and/or  subtraction)  on  sets 
of  three  single-digit  numbers  (e.g.,  5+3-4=?).  The  participant  is  instructed  to  read  and  calculate 
from  left  to  right  and  indicate  whether  the  answer  is  greater-than  or  less-than  ‘5’  by  pressing  one 
of  two  specified  response  buttons  on  the  mouse.  Trials  were  about  three  minutes  in  duration.  3) 
Grammatical  Reasoning  -  The  participant  determines  as  quickly  as  possible  whether  each  of  two 
simple  summary  statements  (e.g.,  &  follows*  and  #  precedes*)  correctly  describe  the  sequential 
relationships  among  three  symbols  (e.g.,  #  &*).  If  one  statement  is  true  and  one  false,  one 
response  is  correct;  if  both  statements  are  true  or  both  are  false  an  alternative  response  is  made. 

A  trial  consisted  of  48  presentations.  4)  Continuous  Processing  -  Participants  are  directed  to 
continuously  monitor  a  randomized  sequence  of  the  numerals  0  through  9  presented  one  at  a  time 
in  the  center  of  the  screen  and  to  press  the  left  mouse  key  if  the  numeral  currently  on  the  screen 
matches  the  numeral  that  immediately  preceded  it.  If  not  a  match,  they  are  to  press  the  right 
mouse  key.  Trials  were  about  minutes  in  duration.  (This  task  is  also  referred  to  as  Running 
Memory.) 
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Word  Memory >  Task :  The  Williams  Word  Memory  Task  provided  an  assessment  of 
short-tem  memory.  During  the  first  post-awakening  testing  block  at  1500,  the  participant 
listened  to  the  auditory  presentation  of  15  recorded  words.  Each  word  was  spoken,  spelled,  and 
then  spoken  again.  The  participant  wrote  down  each  word  as  it  was  presented.  On  completion 
of  the  presentation,  the  participant  studied  the  list  for  one  minute.  The  written  list  was  then 
collected  and  the  participant  was  directed  to  immediately  recall  in  one  minute  as  many  of  the 
words  as  possible  by  writing  them  on  a  fresh  paper  form.  Delayed  recall  of  the  same  list 
occurred  two  hours  later  during  the  third  post-awakening  testing  block  at  1700.  The  number  of 
words  recalled  from  the  list  of  1 5  was  the  outcome  measure  for  this  task. 

Psychomotor  Vigilance  Task  (PVT):  The  PVT  (Model  PVT-192,  CWE  Inc.,  Ardmore, 
PA)  is  a  portable,  self-contained  visual  reaction  time  task  requiring  sustained  attention  and  a 
simple,  discrete  push-button  motor  response  to  each  signal  -  the  onset  of  an  elapsed-time  digital 
clock.  The  clock  appears  within  a  well-defined  display  window  and  is  extinguished  and  reset  to 
zero  within  a  second  after  each  response.  Signals  occurred  randomly  every  2-12  seconds.  Trials 
were  10  minutes  in  duration  and  the  outcome  measure  was  mean  reaction  time  and  mean 
reciprocal  reaction  time. 

Postural  Sway:  Postural  or  body  sway  was  assessed  using  a  force  platform  that  measures 
changes  in  the  body’s  center  of  pressure  over  time  (Platform  model  OR6-5-1,  AMTI,  Watertown, 
MA).  The  apparatus  resembles  an  oversized  home  bathroom  scale,  approximately  18  by  20 
inches  in  area  and  3  inches  in  height.  The  participant  was  directed  to  stand  as  motionless  as 
possible  while  one  minute  of  data  was  collected  for  both  eyes  open  and  eyes  closed  conditions  at 
a  sampling  rate  of  10  Hz.  The  amplitude,  velocity,  and  frequency  of  change  in  the  center  of 
pressure  reflect  the  participant’s  ability  to  maintain  balance.  An  elliptical  area  of  measurement 
that  accounts  for  95%  of  the  variation  in  the  center  of  changes  in  pressure  provides  the  outcome 
measure. 

Grip  Strength:  Strength  was  measured  as  the  highest  value  attained  of  two  grip  squeezes, 
separated  by  one  minute,  on  a  Sammons-Preston  Inc.  JAMAR  (Bolingbrook,  IL)  hydraulic  hand 
dynamometer. 

Sleepiness:  The  ANAM  battery  offers  a  sleepiness  scale  that,  while  a  modification  of  the 
Stanford  Sleepiness  Scale  (Hoddes,  Zarcone,  Smythe,  et  al.,  1973),  maintains  the  seven-point 
scale  rating  subjective  sleepiness  from  “ 1-very  alert,  wide  awake,  and  energetic”  to  “7-very 
sleepy  and  cannot  stay  awake  much  longer .”  The  ANAM  sleepiness  scale  was  presented  on  the 
computer  monitor  as  the  first  item  of  business  at  the  start  of  each  testing  block. 

Symptoms:  Participants  completed  a  73-item  paper  and  pencil  Symptom  Checklist  at  the 
end  of  each  testing  block,  indicating  the  severity  {none,  some,  moderately,  or  severely )  they  were 
experiencing  each  symptom  at  that  point  in  time 

Affect:  Subjective  evaluations  of  mood  were  acquired  using  the  Mood  Scale  II,  available 
through  ANAM.  It  consists  of  a  listing  of  36  adjectives  that  are  each  rated  on  a  three-point  scale. 
A  standardized  "state"  measure  is  generated  for  each  of  six  categories;  anger,  happiness,  anxiety, 
depression,  activity,  and  fatigue.  It  was  completed  every  four  hours  during  each  mission. 

Activity  Log:  Each  participant  was  provided  with  a  formatted  log  to  manually  record  his/her 
wake  and  sleep  times  daily  throughout  training,  mission,  and  recovery. 


Comment  [DRE1]:  Was  this  2 
minutes? 
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Procedures 

During  selection  and  training  the  participants  were  given  considerable  orientation  on  the 
study  objectives  and  the  relevance  of  the  experimental  manipulations  to  real-world  operations. 
The  importance  of  maintaining  standardized  procedures  and  performing  the  cognitive  tasks  as 
rapidly  and  accurately  as  possible  was  emphasized.  Prior  to  their  initial  experimental  session 
participants  were  trained  to  asymptotic  performance  on  each  of  the  cognitive  tasks  and  became 
proficient  on  the  procedures  for  transitioning  efficiently  from  one  task  or  procedure  to  the  next. 
Coaching  and  practice  were  also  provided  on  self-administration  of  solutions  using  the  blunt 
needle  syringes  until  each  participant  was  comfortable  with  the  sublingual  procedure.  Using 
water  for  training,  participants  were  taught  to  empty  a  syringe  into  their  buccal  cavity  in  10-15 
seconds  and  to  hold  the  fluid  in  their  mouth  for  45-50  seconds  as  timed  by  an  attending  research 
observer.  At  the  end  of  the  timed  interval,  the  participant  was  directed  to  swallow  the  remnant 
fluid  and  immediately  self-administer  the  next  of  the  five  syringes  to  simulate  the  administration 
of  a  complete  single  dose. 

The  testing  schedule  for  the  experimental  sessions  is  presented  in  Table  2  starting  with 
Test  Session  1.  The  participants  were  directed  to  sleep  from  about  10:00  pm  to  7:00  am  the 
night  before  scheduled  experimental  sessions,  and  to  not  consume  alcoholic  beverages  the 
evening  prior  to  or  the  day  of  a  session.  Experimental  sessions  began  at  1200  and  were 
completed  at  2100.  Participants  were  allowed  time  to  settle  into  their  rooms  and  have  a  light 
lunch  prior  to  the  baseline  testing  block  at  1230.  During  each  session  the  participants  completed 
one  test  block  before  and  six  blocks  after  a  1.5-hour  sleep  period.  Each  test  block  was  about  50 
minutes  in  duration,  with  the  balance  of  the  hour  serving  as  a  brief  rest-break.  Except  for 
including  the  Williams  Word  Memory  Task  in  the  1500  and  1700  blocks,  all  seven  testing  blocks 
were  identical.  The  sleep  aid  was  administered  at  1330,  participants  were  encouraged  to  sleep 
and  the  lights  were  extinguished. 
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Table  2.  Test  Session  1  - 

-  Experimental  Treatment 

Day  Time 

Procedure 

Dayl  1130-1200 

Arrive  FCL;  Attach  instruments;  Collect  logs/actigraphs 

1200-1230 

Light  lunch/break 

1230-1300 

1300-1315 

ANAM,  PVT,  Surveys 

FP/GS/Vitals* 

1315-1330 

Break 

1330-1500 

Sleep  Aid  Dose/ Sleep  (lights  out) 

1500-1530 

1530-1555 

1555-1600 

Countermeasure  Dose/ANAM+WMm,  Surveys 

PVT,  FP/GS/Vitals* 

Break 

1600-1630 

1630-1655 

1655-1700 

Countermeasure  Dose/ ANAM,  Surveys 

PVT,  FP/GS/Vitals* 

Break 

1700-1720 

1720-1745 

ANAM,  surveys 

PVT,  FP/GS/Vitals* 

1745-1800 

Brea k/Sn ac k / Detach  instruments 

1800-1820 

1820-1845 

ANAM,  Surveys 

PVT,  FP/GS/Vitals* 

1845-1900 

Break 

1900-1930 

1930-1955 

1955-2000 

ANAM+WMr,  Surveys 

PVT,  FP/GS/Vitals* 

Break 

2000-2020 

2020-2045 

2045-2100 

ANAM,  Surveys 

PVT,  FP/GS/Vitals* 

Fland  out  logs/actigraphs;  release 

(*FP:Force  Platform;  GP:Grip  Strength;  Vitals:  BP,  FIR,  temperature) 


Session  2  Same  as  Session  1  (with  Training  omitted)  -  Dose  2 

Session  3  Same  as  Session  1  (with  Training  omitted)  -  Dose  3 

Session  4_ Same  as  Session  1  (with  Training  omitted)  -  Dose  4 
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The  drag  doses  were  always  ingested  under  the  close  observation  and  attendance  of  an 
investigator  or  senior  technician.  Sleep-aid  capsules  (zolpidem  or  placebo)  were  orally  ingested 
within  2-3  minutes  of  1330,  following  which  the  participants  were  immediately  shepherded  to 
bed,  the  room  door  closed,  and  the  lights  turned  off.  Participants  were  instructed  to  remain  in 
bed  for  the  1.5-hour  duration  even  if  they  could  not  fall  or  remain  asleep.  The  participants  were 
awakened  at  1500  by  voice  instruction  over  the  intercom  system  and  simultaneously  lights  were 

illuminated,  followed  immediately  by  research  staff  entering  each  room  to  assist  the  participants  [  comment  [dre2]:  monitor? 

in  the  administration  of  the  flumazenil  treatment.  The  FDA-approved,  distributed-dose-schedule 

for  administering  zolpidem  intravenously  as  a  countermeasure  to  the  sedative  effects  of  the 

zolpidem  was  employed.  Two,  1  mg  sublingual  doses  of  flumazenil  were  administered  one  hour 

apart  to  counteract  the  sedative  effects  of  the  zolpidem  ingested  1.5  hours  prior  to  the  first 

countermeasure  dose.  On  being  awakened,  the  participants  were  assisted  as  required  to  a 

comfortable  sitting  position  in  bed.  They  then  self-administered  sublingually,  at  one-minute 

intervals,  the  five  syringes  (0.2  ml  each)  comprising  the  total  1  mg  countermeasure  dose.  The 

participants  then  walked  the  few  steps  to  their  computer  station  and  performed  the  1500  test 

block.  A  second  1  mg  dose  was  ingested  one  hour  later  at  1600  just  before  the  1600  test  block 

using  the  same  method  of  administration.  In  this  case  the  participant  self-administered  the  five 

syringes  sublingually  while  sitting  at  his/her  computer  testing  station. 

Vital  signs  (blood  pressure,  heart  rate,  and  oral  temperature)  were  monitored  once  during 
each  testing  block.  Water  and  selected  non-caffeinated  drinks  were  available  throughout  the 
experimental  sessions.  Lying  down  or  sleeping  were  never  permitted  except  during  the 
scheduled  sleep  period  integral  to  the  study.  Participants  were  required  to  make  arrangements  to 
be  chauffeured  home  from  the  laboratory  on  completion  of  each  testing  session.  Once  home, 
participants  were  directed  to  acquire  at  least  six  hours  of  sleep  prior  to  operating  machinery, 
driving,  or  performing  similar  tasks  that  may  involve  hazards. 

Statistical  Analyses 

For  each  continuous,  normally  distributed,  outcome  measure,  a  repeated-measures 
analysis  of  variance  with  two  within-subject  factors:  drag  condition  (the  three  drag 
combinations)  and  time  (baseline  and  six  post-awakening  data  collection  periods)  was  performed 
to  test  for  significant  treatment  main  effects  and/or  treatment  by  trial  interaction.  When 
significant  drug  effects  were  detected,  post-hoc  simple  effects  tests  (Winer,  1971,  p.  174)  were 
used  to  compare  the  treatment  conditions  at  each  trial,  separately.  For  discrete  outcome 
measures,  and  measures  where  non-normality  was  suspected,  non-parametric  procedures 
(Friedman’s  test  and  Wilcoxon  signed-rank  test)  were  performed  to  compare  the  treatment 
conditions  at  each  trial,  separately.  The  Statistical  Package  for  the  Social  Sciences  (SPSS 
Version  15)  was  used  for  the  computations. 

We  wanted  to  evaluate  and  report  only  operationally  significant  flumazenil-reversals  of 
sleep  aid  intoxication,  compared  to  the  flumazenil  placebo  (Active  Control),  as  being  significant. 

Thus  the  effect  size  was  set  at  1  standard  deviation  unit  (sdu).  To  insure  sufficient  power  for 
identifying  specific  differences,  we  based  our  power  analysis  on  the  post-hoc  simple  effects  tests. 

When  testing  at  the  0.05  alpha  level  a  sample  of  16  participants  would  provide  a  96%  chance 
(power)  of  detecting  a  difference  of  1  sdu  when  comparing  any  two  treatment  conditions  at  a 
given  time  point.  Since  the  desired  flumazenil-reversal  performance  should  not  be  different  than 
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performance  in  the  Passive  Control  condition,  the  power  should  be  the  same  with  the  identical 
assumptions. 


RESULTS 


Measures  of  accuracy,  mean  reaction  time  and  their  product,  throughput,  were  available 
for  the  grammatical  reasoning,  mathematical  processing,  and  continuous  processing  tasks.  Mean 
reaction  time  and  mean  reciprocal  reaction  time  were  analyzed  for  the  PVT  in  addition  to  mean 
reaction  time  for  the  simple  20-item  reaction  time  task.  For  these  measures,  the  P/P  condition 
did  not  significantly  differ  from  the  baseline  condition  at  anytime.  The  within-subject  analysis 
of  variance  statistic  was  applied  to  difference  from  baseline  measures  for  all  continuous, 
normally  distributed,  outcome  measures.  Analysis  procedures  for  other  dependent  measures  are 
described  separately. 

Cognitive  Performance 


Comment  [DRE3]:  I  didn’t  see  the 
analysis  for  this  statement. 


Grammatical  Reasoning 

An  analysis  accuracy  measures,  there  were  no  significant  differences  among  the  three 
conditions.  Table  3  shows  differences  between  the  means  for  each  drug  condition  and  its 
baseline  along  with  the  standard  deviation.  The  variability  of  the  Z10/P  condition  appears  to 
have  prevented  the  10%  decrease  in  accuracy  from  reaching  statistical  significance  (pair  wise 
comparison,  t(n)  =  1.623,  p  =  0.133).  For  mean  reaction  time  shown  in  Table  4,  the  drug  by  time 
interaction  was  significant  allowing  pair  wise  comparisons  of  the  drug  conditions  at  each  test 
time  (F(4,  46)  =  3.066,  p  =  0.024  using  FIuynh-Feldt  correction).  The  Z10/P  to  baseline  change 
significantly  differed  from  the  P/P  condition  at  1500,  1600,  and  1700  hours  (p  <  0.05).  The 
difference  approached  significance  at  the  1900  testing  session  (p  =  0.053)  showing  the  degrading 
effects  of  this  ding  on  reaction  time.  Similarly,  the  Z10/F  to  baseline  change  differed 
significantly  from  P/P  at  the  1600,  1700,  and  1800  testing  sessions  (p  <  0.05).  The  1500  testing 
session  approached  significance  (p  =  0.062).  Flowever,  the  Z10/P  and  Z10/F  were  almost 
different  at  1500  and  1600  (p  =  0.067  and  0.051,  respectively).  Figure  1  shows  that  reaction  time 
for  Z10/F  was  intermediate  between  P/P  and  Z10/P  for  the  first  few  hours  after  awakening. 

Table  3.  Change  from  Baseline  in  Each  Drug  Condition  for  Grammatical 
Reasoning  Accuracy  (SD) 


Time  of  Day 

Placebo 

Zolpidem-Only 

Zolpidem  +  Flumazenil 

Baseline 

96.18  (2.64) 

96.01  (3.71) 

97.74  (3.01) 

1500 

0.18  (4.12) 

-10.24  (20.19) 

-0.52  (3.78) 

1600 

0.70  (4.47) 

-0.91  (6.51) 

-1.93  (4.04) 

1700 

0.35  (4.34) 

-5.76  (14.81) 

-1.74  (5.88) 

1800 

-1.91  (8.54) 

-2.60  (15.79) 

-2.43  (5.17) 

1900 

-2.08  (8.62) 

-3.42  (18.73) 

-1.91  (6.73) 

2000 

-0.52  (6.83) 

-2.79  (11.46) 

-1.56  (4.87) 
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Table  4.  Change  from  Baseline  in  Each  Drug  Condition  for 
Grammatical  Reasoning  Mean  Reaction  Time  (SD) 


Time  of  Day 

Placebo 

Zolpidem-Only 

Zolpidem  +  Flumazenil 

Baseline 

4102  (899) 

4251  (1053) 

4192  (820) 

1500 

105  (299) 

2129  (1970)* 

736  (1107) 

1600 

79  (460) 

1455  (1400)* 

884  (1000)* 

1700 

-259  (293) 

1399  (1619)* 

1048  (1557)* 

1800 

-87  (605) 

802  (1671) 

976  (1102)* 

1900 

-58  (478) 

493  (591) 

655  (1149) 

2000 

18  (580) 

310  (475) 

393  (920) 

*  p  <  0.05 

Grammatical  Reasoning  Reaction  Time 


Figure  1.  Grammatical  reasoning  reaction  time  as  affected 
by  the  three  drug  conditions:  placebo,  zolpidem,  and 
zolpidem  with  flumazenil. 


The  drag  by  time  interaction  for  grammatical  reasoning  throughput  was  significant  (F(4, 
53)  =  2.682,  p  =  .032  using  Huynh-Feldt  correction)  allowing  pair  wise  comparisons  of  the  drug 
conditions  at  each  test  time.  Differences  from  baseline  are  shown  in  Table  5.  In  pair  wise 
comparisons,  the  Z10/P  change  from  baseline  differed  significantly  from  the  P/P  condition  at 
1500,  1600,  1700,  and  1800  hours  (p  <  0.05),  while  the  Z10/F  differed  significantly  at  the  1600 
and  1700  testing  sessions  only  (p  <  0.05).  Z10/F  approached  significance  at  the  1800  testing 
session  (p  =  .069).  Figure  1  shows  the  degrading  effects  of  zolpidem  on  grammatical  reasoning 
throughput  with  significant  recovery  from  flumazenil  only  during  the  first  hour  with  little 
recovery  thereafter.  The  Z10/P  and  Z10/F  conditions  did  not  differ  from  each  other  at  any  time 
point. 
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Table  5.  Change  from  Baseline  in  Each  Drug  Condition  for 
Grammatical  Reasoning  Throughput  (SD) 


Time  of  Day 

Placebo 

Zolpidem-Only 

Zolpidem  +  Flumazenil 

Baseline 

14.59  (3.40) 

14.30  (3.68) 

14.55  (3.19) 

1500 

-0.01  (1.76) 

-4.69  (4.78)* 

-1.64  (3.02) 

1600 

0.11  (2.05) 

-2.81  (3.49)* 

-2.40  (2.33)* 

1700 

1.27  (1.62) 

-3.64  (4.39)* 

-2.89  (4.36)* 

1800 

0.46  (3.79) 

-2.07  (3.78)* 

-3.06  (3.47) 

1900 

0.18  (2.17) 

-1.47  (2.60) 

-1.88  (3.89) 

2000 

0.17  (1.87) 

-1.20  (1.97) 

-1.47(3.15) 

*  p  <  0.05 

Grammatical  Reasoning  Throughput 


Time  of  Day 


Figure  2.  Grammatical  reasoning  throughput  as  affected 
by  the  three  drug  conditions:  placebo,  zolpidem,  and 
zolpidem  with  flumazenil. 


Mathematical  Processing 

Mathematical  processing  accuracy  did  not  significantly  change  from  baseline  versus  P/P 
for  either  Z10/P  or  Z10/F  as  shown  in  Table  6.  The  difference  from  baseline  scores  for  mean 
reaction  time,  showed  significant  effects  for  ding  and  time  (p  <  0.05),  but  not  for  the  drug  by 
time  interaction  (F(12,  120)  =  1.47,  p  =  0. 144).  Significant  difference  scores  were  found  for 
Z10/P  and  for  Z10/F  when  compared  to  P/P  at  1600,  1700,  and  1800  hour  testing  sessions  (p  < 
0.05)  and  at  2000  hours  for  Z10/F  (p  =  0.012)  as  shown  in  Table  7.  Figure  3  shows  similar 
performance  effects  to  grammatical  reasoning.  The  lack  of  significance  at  1500  hours  (p  =  .069) 
was  likely  due  to  the  joint  effect  of  an  increased  RT  in  the  P/P  condition,  Figure  3,  and  high 
variability  in  the  Z10/P  condition,  Table  7. 
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Table  6.  Change  from  Baseline  in  Each  Drug  Condition  for 
Mathematical  Processing  Accuracy  (SD)  _ 


Time  of  Day 

Placebo 

Zolpidem-Only 

Zolpidem  +  Flumazenil 

Baseline 

96.47  (2.42) 

98.48  (1.53) 

97.21  (2.44) 

1500 

-1.02  (3.53) 

-8.79  (9.50) 

-2.29  (5.74) 

1600 

-0.07  (2.95) 

-2.86  (8.05) 

-1.40  (3.52) 

1700 

-0.16(3.06) 

-7.75  (22.24) 

-2.24  (7.99) 

1800 

0.05  (2.93) 

-8.46  (20.92) 

-0.15  (3.59) 

1900 

-2.27  (6.27) 

-6.38  (19.80) 

-0.54  (3.91) 

2000 

-3.48  (6.26) 

-4.33  (11.69) 

-1.04  (7.53) 

Table  7.  Change  from  Baseline  in  Each  Drug  Condition  for 


Mathematical  Processing  Mean  Reaction  Time  (SD) 


Time  of  Day 

Placebo 

Zolpidem-Only 

Zolpidem  +  Flumazenil 

Baseline 

1566  (584) 

1558  (545) 

1520  (455) 

1500 

114  (234) 

490  (649) 

235  (340) 

1600 

40  (241) 

331  (370)* 

266  (278)* 

1700 

3  (171) 

362  (332)* 

360  (360)* 

1800 

16  (225) 

317(281)* 

333  (343)* 

1900 

30  (253) 

161  (265) 

252  (318) 

2000 

-67  (182) 

177  (367) 

262  (313)* 

*  p  <  0.05 

Mathematical  Processing  Reaction  Time 


Figure  3.  Mathematical  processing  reaction  time  as 
affected  by  the  three  drug  conditions:  placebo, 
zolpidem,  and  zolpidem  with  flumazenil. 
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For  mathematical  processing  throughput,  the  ANOVA  resulted  in  significant  effects  for 
drag  and  time  (p  <  0.05),  but  again  not  for  drag  by  time  (F(4,  37)  =  1.608,  p  =  0.196)  using 
Huynh-Feldt  correction.  Differences  from  baseline  are  shown  in  Table  8.  The  Z10/P  and  Z10/F 
change  from  baseline  differed  significantly  from  the  P/P  condition  at  1500  through  1800  hours, 
and  for  Z10/F  at  2000  hours  (p  <  0.05).  At  1900  hours  there  was  a  trend  for  Z10/F  (p  =  0.051) 
and  at  2000  hours  a  trend  for  Z10/P  (p  =  0.059).  Similar  to  reaction  time  and  grammatical 
reasoning  throughput.  Figure  4  shows  that  flumazenil  appears  to  only  protect  performance  during 
the  first  hour  of  administration.  One  hour  after  flumazenil  administration,  performance  is  no 
better  under  Z10/F  than  Z10/P. 


Table  8.  Change  from  Baseline  in  Each  Drug  Condition  for 
Mathematical  Processing  Throughput  (SD) 


Time  of  Day 

Placebo 

Zolpidem-Only 

Zolpidem  +  Flumazenil 

Baseline 

40.29  (11.21) 

41.62  (12.23) 

41.09  (11.30) 

1500 

-0.80  (5.29) 

-9.61  (10.99)* 

-3.83  (5.79) 

1600 

0.91  (6.04) 

-6.24  (7.56)* 

-5.08  (4.28)* 

1700 

1.17(4.05) 

-7.28  (6.24)* 

-6.17  (7.21)* 

1800 

2.09  (4.54) 

-8.07  (8.09)* 

-6.00  (6.91)* 

1900 

0.74  (6.45) 

-5.47(8.10) 

-4.86  (4.91) 

2000 

2.01  (5.01) 

-4.22(8.16) 

-4.29  (6.90)* 

*  p  <  0.05 

Mathematical  Processing  Throughput 


— ♦—  Placebo  ■  Zolpidem  — Z  +  Flumaz 


Figure  4.  Mathematical  processing  throughput  as  affected 
by  the  three  drug  conditions:  placebo,  zolpidem,  and 
zolpidem  with  flumazenil. 
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Continuous  Processing 

Continuous  processing  task  accuracy  did  not  significantly  change  from  baseline  for  drag, 
time,  or  the  drag  by  time  interaction  (p  >  0.05).  The  difference  from  baseline  scores  for  mean 
reaction  time,  showed  significant  effects  for  ding  and  time  (p  <  0.05),  but  not  for  the  ding  by 
time  interaction  (F(3,  38)  =  1.39,  p  =  0.259,  Huynh-Feldt  corrected).  As  shown  in  Table  10, 
significant  difference  scores  were  found  for  Z10/P  and  Z10/F  when  compared  to  P/P  at  1500  and 
1800  hours  (p  <  0.05)  and  a  trend  was  seen  at  1600  hours  for  Z10/P  (p  =  0.054).  Figure  5  shows 
the  degrading  performance  effects  of  zolpidem  at  1500  and  1600  hours  compared  to  P/P  with 
reaction  time  in  the  Z10/F  condition  situated  between  them.  The  Z10/P  and  Z10/F  effects  at 
1800  appear  to  be  due  to  the  improved  performance  of  the  P/P  condition. 


Table  9.  Change  from  Baseline  in  Each  Drug  Condition  for 
Continuous  Processing  Task  Accuracy  (SD) 


Time  of  Day 

Placebo 

Zolpidem-Only 

Zolpidem  +  Flumazenil 

Baseline 

98.70  (1.37) 

97.89  (1.68) 

97.43  (1.37) 

1500 

-1.52  (1.69) 

-8.87  (13.60) 

-2.13  (5.51) 

1600 

-1.19(2.32) 

-4.98  (9.93) 

-1.86  (3.67) 

1700 

-0.98  (1.63) 

-9.82  (15.09) 

-4.07(5.18) 

1800 

-1.93  (3.08) 

-7.24(16.17) 

-1.95  (3.69) 

1900 

-1.89  (3.34) 

-8.68  (20.47) 

-1.28  (1.77) 

2000 

-1.53  (3.02) 

-4.43  (10.38) 

-0.36  (2.55) 

Table  10.  Change  from  Baseline  in  Each  Drug  Condition  for 
Continuous  Processing  Task  Mean  Reaction  Time  (SD) 


Time  of  Day 

Placebo 

Zolpidem-Only 

Zolpidem  +  Flumazenil 

Baseline 

416.6(65.6) 

431.2  (102.8) 

430.1  (96.4) 

1500 

-2.3  (39.1) 

74.2(113.8)* 

21.8(25.0)* 

1600 

-10.3  (28.8) 

33.6(71.0) 

18.7(32.9) 

1700 

-2.1  (30.7) 

38.9  (78.0) 

34.5  (77.7) 

1800 

-15.5  (43.9) 

25.7  (43.9)* 

33.0  (74.4)* 

1900 

-0.4  (64.7) 

12.4  (42.4) 

6.4  (64.0) 

2000 

-13.3  (48.0) 

8.0(54.7) 

3.7(56.5) 

*  p  <  0.05 
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Continuous  Processing  Reaction  Time 


Figure  5.  Continuous  processing  reaction  time  as  affected  by  the 
three  drug  conditions:  placebo,  zolpidem,  and  zolpidem  with 
flumazenil. 


For  continuous  processing  throughput,  the  ANOVA  resulted  in  significant  effects  for 
drug  and  time  (p  <  0.05),  but  again  not  for  the  interaction  (F(3,  32)  =  1.378,  p  =  0.267)  using 
FIuynh-Feldt  correction.  Differences  from  baseline  at  each  hour  are  shown  in  Table  11.  The 
Z10/P  condition  was  significantly  different  from  the  P/P  condition  at  every  hour  and  it  was  also 
significantly  different  from  Z10/F  at  the  1500  hour  (p  <  0.05).  Although  the  statistical  results 
appear  to  be  very  clear  that  the  Z10/P  condition  is  degrading  performance  while  the  Z10/F  is  no 
different  than  P/P,  Figure  6  shows  the  Z10/F  condition  to  be  intermediate  between  the  two 
(except  at  1500),  similar  to  other  cognitive  performance  dependent  measures. 


Table  11.  Change  from  Baseline  in  Each  Drug  Condition  for 
Continuous  Processing  Task  Throughput  (SD) _ 


Time  of  Day 

Placebo 

Zolpidem-Only 

Zolpidem  +  Flumazenil 

Baseline 

145.11  (19.49) 

141.72  (27.06) 

140.50  (23.78) 

1500 

-1.81  (10.35) 

-30.28  (34.23)* 

-7.15  (11.34) 

1600 

1.78  (7.79) 

-15.17  (26.24)* 

-5.55  (12.50) 

1700 

-1.26  (8.58) 

-25.44  (26.20)* 

-16.04  (26.61) 

1800 

1.96(13.41) 

-16.16  (23.65)* 

-12.38  (25.19) 

1900 

-1.18  (19.20) 

-15.89  (26.88)* 

-5.98  (19.57) 

2000 

2.15  (14.73) 

-10.92  (19.08)* 

-2.26(18.12) 

*  p  <  0.05 
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Continuous  Processing  Throughput 


Figure  6.  Continuous  processing  throughput  as  affected 
by  the  three  drug  conditions:  placebo,  zolpidem,  and 
zolpidem  with  flumazenil. 


Psychomotor  Vigilance  Task  (PVT)  and  Simple  Reaction  Time 

The  PVT  change  from  baseline  measures,  mean  reaction  time  and  mean  reciprocal 
reaction  time,  were  not  significantly  different  for  drag,  time,  or  their  interaction  with  a  set  at 
0.05.  The  mean  values  for  difference  from  baseline  and  their  standard  deviations  are  shown  in 
Tables  12  and  13.  With  no  significant  main  effects  or  interaction,  paired  comparisons  at  each 
hour  of  testing  were  not  pursued. 


Table  12.  Change  from  Baseline  in  Each  Drug  Condition  for  PVT 


Mean  Reaction  Time  (SD) 


Time  of  Day 

Placebo 

Zolpidem-Only 

Zolpidem  +  Flumazenil 

Baseline 

265.0  (37.8) 

288.3  (86.8) 

280.6  (72.4) 

1500 

-12.9(29.7) 

281.5  (599.6) 

84.7  (175.2) 

1600 

2.4(34.1) 

253.7  (657.1) 

137.9  (334.1) 

1700 

-4.0(37.2) 

495.5  (1042.3) 

27.6  (62.2) 

1800 

13.7(62.7) 

618.1  (1420.2) 

47.9  (74.5) 

1900 

74.7  (211.4) 

416.6  (906.2) 

8.0  (78.8) 

2000 

23.4  (95.8) 

295.4  (870.9) 

1.9  (58.2) 
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Table  13.  Change  from  Baseline  in  Each  Drug  Condition  for  PVT 
Mean  Reciprocal  Reaction  Time  (SD) 


Time  of  Day 

Placbo 

Zolpidem-Only 

Zolpidem  +  Flumazenil 

Baseline 

4.037  (0.541) 

3.859  (0.589) 

3.929  (0.476) 

1500 

0.102  (0.293) 

-0.243  (0.599) 

-0.304  (0.685) 

1600 

-0.076  (0.331) 

-0.446  (0.677) 

-0.437  (0.379) 

1700 

-0.026  (0.413) 

-0.559  (0.657) 

-0217  (0.486) 

1800 

-0.126  (0.589) 

-0.509  (0.616) 

-0.271  (0.481) 

1900 

-0.291  (0.633) 

-0.508  (0.487) 

-0.130  (0.480) 

2000 

-0.153  (0.563) 

-0.261  (0.517) 

-0.057  (0.444) 

The  simple  reaction  time  changes  from  baseline  were  not  significantly  different  among 
the  Z10/P,  Z10/F,  and  placebo  conditions.  The  simple  reaction  time  did  not  show  any  significant 
difference  in  mean  reaction  time  differences  from  baseline  for  any  testing  session  as  shown  in 


Table  14. 


Table  14.  Change  from  Baseline  in  Each  Drug  Condition  for 
Simple  Reaction  Time  (SD) 


Time  of  Day 

Placbo 

Zolpidem-Only 

Zolpidem  +  Flumazenil 

Baseline 

213.41  (45.84) 

206.62  (24.83) 

213.04  (26.21) 

1500 

6.03  (24.62) 

27.16  (38.83) 

9.53  (20.27) 

1600 

-9.10  (24.55) 

16.35  (29.89) 

8.24  (27.14) 

1700 

-0.70  (22.51) 

42.51  (90.82) 

4.51  (27.34) 

1800 

-5.50  (28.13) 

61.34  (145.43) 

12.81  (31.68) 

1900 

1.53  (32.71) 

29.30  (88.63) 

5.38  (28.62) 

2000 

-4.64  (29.53) 

4.50  (22.22) 

-9.25  (28.87) 

Memory 

The  Williams  Word  memory  test  was  administered  after  the  first  awakening  from  sleep 
(1500)  and  again  at  1700.  For  the  number  of  words  correctly  recalled,  a  repeated-measures 
analysis  of  variance  with  two  within-subject  factors:  drag  condition  (the  three  drug 
combinations)  and  time  (1500  and  1700)  was  performed  to  test  for  significant  treatment  main 
effects  and/or  treatment  by  trial  interaction.  When  significant  ding  effects  were  detected,  post- 
hoc  simple  effects  tests  (Winer,  1971,  p.  174)  were  used  to  compare  the  treatment  conditions  at 
each  trial  time,  separately.  The  ANOVA  resulted  in  significant  effects  for  time  (F(l,  11)  = 
44.759,  p  =  0.001  using  FIuynh-Feldt  correction),  but  not  for  drug  (F(l,  15)  =  2.904,  p  =  0.100 
using  FIuynh-Feldt  correction),  or  the  interaction  (F(2,  32)  =  1.900,  p  =  0.173).  The  number  of 
correctly  recalled  words  at  each  hour  are  shown  in  Table  15.  The  Z10/P  condition  was 
significantly  different  from  the  P/P  condition  at  1500  (p  =  0.021).  No  other  pair  wise 
comparisons  were  found  to  be  significant,  a  =  0.05.  Figure  7  shows  the  mean  number  of  recalled 
items  at  each  time  for  each  drag  condition. 
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Table  15.  Mean  Words  Recalled  by  Drug  Condition  (SD) 


Time  of  Day 

Placebo 

Zolpidem-Only 

Zolpidem  +  Flumazenil 

1500 

12.08  (1.68) 

8.75  (4.16)* 

10.92  (3.55) 

1700 

8.17(3.10) 

6.42  (4.08) 

8.75  (3.62) 

*  p  <  0.05 

Williams  Word  Memory 


Figure  7.  Williams  Word  Memory,  number  correct  as 
affected  by  the  three  drug  conditions:  placebo,  zolpidem, 
and  zolpidem  with  flumazenil. 


Physiological  Performance 

Two  measures  of  physiological  state  were  used  to  assess  the  vestibular  system  and 
physical  strength.  Both  postural  sway  and  grip  strength  are  interval  measures  and  were  subjected 
to  the  same  statistical  analysis  as  the  cognitive  performance  measures.  The  within-subject 
analysis  of  variance  statistic  was  applied  to  difference  from  baseline  measures  for  all  measures. 

Postural  Sway 

Postural  sway  is  measured  by  an  elliptical  area  of  measurement  that  accounts  for  95%  of 
the  variation  in  the  center  of  changes  in  pressure,  A95.  The  mean  values  for  difference  from 
baseline  and  their  standard  deviations  are  shown  in  Tables  16  and  17.  The  A95  change  from 
baseline  measure  for  eyes  open  and  eyes  closed  was  not  significantly  different  for  drug,  time,  or 
their  interaction  with  a  set  at  0.05.  Because  of  equipment  malfunctions  the  data  for  only  10 
participants  were  analyzable  for  eyes  open  and  only  9  participants  for  eyes  closed.  Similarly,  the 
postural  sway  data  for  the  1500  test  time  was  not  included  in  the  analysis  because  large  portions 
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were  missing.  With  no  significant  main  effects  or  interaction,  paired  comparisons  at  each  hour 
of  testing  were  not  pursued. 


Table  16.  Change  from  Baseline  in  Each  Drug  Condition  for 
Eyes  Open,  Postural  Sway  (SD). _ _ 


Time  of  Day 

Placbo 

Zolpidem-Only 

Zolpidem  +  Flumazenil 

Baseline 

2.07  (1.40) 

3.22  (4.68) 

1.94  (0.86) 

1600 

-0.22  (0.96) 

0.09  (  5.62) 

3.04  (5.64) 

1700 

0.33  (1.00) 

0.61  (4.60) 

2.38  (1.99) 

1800 

0.11  (1.09) 

-0.14(4.79) 

2.51  (2.20) 

1900 

0.95  (2.61) 

-0.45  (4.54) 

1.25  (2.46) 

2000 

-0.09  (1.29) 

-0.94  (4.96) 

1.50  (2.07) 

Table  17.  Change  from  Baseline  in  Each  Drug  Condition  for  Eyes 


Closed,  Postural  Sway  (SD). 


Time  of  Day 

Placbo 

Zolpidem-Only 

Zolpidem  +  Flumazenil 

Baseline 

3.30(3.19) 

2.74  (1.69) 

2.65  (1.41) 

1600 

0.40  (2.67) 

3.21  (6.21) 

3.63  (7.55) 

1700 

-0.10(3.01) 

1.86  (3.50) 

4.01  (6.80) 

1800 

0.25  (3.27) 

1.02  (1.78) 

4.18(8.46) 

1900 

1.78  (3.55) 

-0.28  (1.23) 

0.59  (1.57) 

2000 

0.46  (4.57) 

0.28  (2.06) 

1.14(2.76) 

Grip  Strength 

Physical  strength  was  measured  with  a  hydraulic  hand  dynamometer.  None  of  the 
variables  individually  (drag  or  time)  or  in  combination  (drag  by  time  interaction,  (F(4,  35)  = 
1.621,  p  =  0.192))  had  an  effect  on  grip  strength.  However  the  values  at  1500  presented  the  same 
pattern  as  other  variables  with  the  Z10/F  falling  between  the  P/P  and  the  Z10/P  conditions. 

Subjective  Report 


Sleepiness 

The  Stanford  Sleepiness  Scale  (SSS)  ratings  provided  numerical  ratings  of  subjective 
sleepiness.  These  were  analyzed  with  ANOVA  using  the  same  procedures  as  with  the  cognitive 
test  data  at  alpha  =  0.05.  The  difference  from  baseline  scores  showed  significant  effects  for  time 
(p  <  0.05)  and  for  the  drug  by  time  interaction  (F(12,  72)  =  2.22,  p  =  0.019).  As  shown  in  Table 
18,  significant  differences  were  found  with  pair  wise  comparisons  for  Z10/P  (t(6)  =  -3.29,  p  = 
0.017)  and  Z10/F  (t(6)  =  2.83,  p  =  0.030)  when  compared  to  P/P  at  1600  and  2000  hours  (p  < 
0.05).  Figure  8  shows  the  degrading  performance  effects  of  zolpidem  at  1600  hours  compared  to 
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P/P  with  the  Z10/F  condition  showing  less  sleepiness  toward  the  end  of  the  evening.  Further, 
Z10/P  and  Z10/F  differed  at  1600  (t(6)  =  2.65,  p  =  0.038)  with  Z10/F  in  close  proximity  to  P/P. 
The  high  sleepiness  rating  in  the  P/P  condition  at  2000  is  somewhat  explained  by  one  participant 
giving  a  high  rating  compared  to  the  rest  of  the  participants;  Table  18  shows  the  standard 
deviation  the  highest  for  any  condition.  Interestingly,  the  SSS  showed  a  significant  elevation 
from  baseline  at  1500  under  P/P  reflecting  sleep  inertia  (t(6)  =  3.29,  p  =0.017).  Similarly,  the 
Z10/P  condition  showed  differences  from  baseline  at  1500  and  1600  (p  <  0.05). 


Table  18.  Change  from  Baseline  in  Each  Drug  Condition  for  the 


Stanford  Sleepiness  Scale  (SD). 


Time  of  Day 

Placbo 

Zolpidem-Only 

Zolpidem  +  Flumazenil 

Baseline 

1.57  (0.54) 

1.71  (0.49) 

2.14(0.90) 

1500 

0.86  (0.69) 

1.57(1.13) 

0.57  (0.98) 

1600 

0.29  (0.95) 

1.14(1.22)* 

0.14(1.07) 

1700 

0.43  (1.13) 

0.86  (1.07) 

0.29  (1.25) 

1800 

0.57  (.98) 

0.86  (1.07) 

0.43  (1.13) 

1900 

0.71  (1.25) 

0.71  (0.95) 

0.29  (0.76) 

2000 

1.14(1.46) 

0.14(0.69) 

0.00  (0.82)* 

*  p  <  0.05,  n  =  7. 

Stanford  Sleepiness  Scale 


Figure  8.  Stanford  Sleepiness  Scale  as  affected  by  the  three 
drug  conditions:  placebo,  zolpidem,  and  zolpidem  with 
flumazenil. 
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Symptoms 

Participants  completed  a  73-item  paper  and  pencil  Symptom  Checklist  at  the  end  of  each 
testing  block,  indicating  the  severity  (none,  some,  moderately,  or  severely)  they  were 
experiencing  for  each  symptom  at  that  point  in  time.  Only  symptoms  showing  an  increase  from 
baseline  were  examined  for  drag  effects  with  the  Wilcoxon  Signed  Rank  test.  Further,  only 
those  symptoms  for  which  at  least  25%  of  the  participants  (i.e.,  at  least  3  participants)  exhibited 
an  increased  severity  under  at  least  one  of  the  conditions  are  shown  in  Table  19.  The  tabled 
value  is  the  percentage  of  participants  showing  an  increase  from  baseline  for  the  symptom  at  the 
time  of  testing.  Bolded  values  represent  conditions  that  are  significantly  different  from  the  P/P 
condition  (p  <  0.05). 

From  the  analysis,  a  significant  number  of  participants  presented  symptoms  of  Trouble 
Staying  Awake,  “Dragged”  Feeling,  Light  headed,  and  Difficulty  Concentrating.  Participants 
experienced  these  symptoms  between  one  and  three  hours  after  zolpidem  administration  (1500- 
1700)  and  six  of  the  eight  symptoms  were  under  the  Z10/P  condition.  For  the  Z10/F  condition, 
the  “Dragged”  Feeling  and  Light  Pleaded  symptoms  were  significant  at  1500  and  1700, 
respectively. 
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Table  19.  Symptoms  Showing  Increased  Severity  by  Time  and  Drug  Condition. 


Symptom 

Condition 

1500 

1600 

1700 

1800 

1900 

2000 

Trouble  Staying  Awake 

Placebo 

0.0 

o 

d 

0.0 

8.3 

8.3 

Zolpidem  Only 

27.3 

18.2 

36.4 

30.0 

18.2 

Z  +  Flumazenil 

8.3 

16.7 

25.0 

25.0 

16.7 

“Drugged”  Feeling 

Placebo 

0.0 

0.0 

0.0 

0.0 

0.0 

Zolpidem  Only 

36.4 

45.5 

54.5 

20.0 

18.2 

Z  +  Flumazenil 

33.3 

41.7 

33.3 

33.3 

8.3 

Light  headed 

Placebo 

8.3 

0.0 

0.0 

0.0 

0.0 

Zolpidem  Only 

27.3 

36.4 

27.3 

20.0 

18.2 

Z  +  Flumazenil 

25.0 

25.0 

41.7 

16.7 

0.0 

0.0 

Loss  of  Balance 

Placebo 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Zolpidem  Only 

9.1 

9.1 

27.3 

20.0 

9.1 

9.1 

Z  +  Flumazenil 

16.7 

25.0 

8.3 

8.3 

0.0 

0.0 

Fatigue 

Placebo 

8.3 

8.3 

8.3 

8.3 

16.7 

25.0 

Zolpidem  Only 

18.2 

18.2 

18.2 

30.0 

18.2 

9.1 

Z  +  Flumazenil 

8.3 

00 

co 

16.7 

8.3 

CO 

co 

8.3 

Drowsiness 

Placebo 

8.3 

0.0 

8.3 

8.3 

25.0 

16.7 

Zolpidem  Only 

36.4 

27.3 

45.5 

20.0 

36.4 

27.3 

Z  +  Flumazenil 

16.7 

8.3 

16.7 

25.0 

8.3 

8.3 

Headache 

Placebo 

16.7 

16.7 

8.3 

8.3 

8.3 

8.3 

Zolpidem  Only 

9.1 

18.2 

18.2 

10.0 

9.1 

18.2 

Z  +  Flumazenil 

16.7 

25.0 

8.3 

16.7 

8.3 

8.3 

Difficulty  Focusing 

Placebo 

0.0 

8.3 

0.0 

0.0 

0.0 

0.0 

Zolpidem  Only 

36.4 

18.2 

36.4 

30.0 

18.2 

Z  +  Flumazenil 

8.3 

25.0 

8.3 

0.0 

8.3 

0.0 

Nausea 

Placebo 

0.0 

16.7 

0.0 

0.0 

0.0 

0.0 

Zolpidem  Only 

18.2 

27.3 

27.3 

20.0 

9.1 

9.1 

Z  +  Flumazenil 

16.7 

25.0 

16.7 

25.0 

8.3 

8.3 

Difficulty  Concentrating 

Placebo 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Zolpidem  Only 

27.3 

27.3 

45.5 

wm 

18.2 

Z  +  Flumazenil 

16.7 

8.3 

16.7 

EH 

0.0 

Stomach  Awareness 

Placebo 

16.7 

0.0 

8.3 

0.0 

0.0 

Zolpidem  Only 

9.1 

9.1 

9.1 

10.0 

9.1 

9.1 

Z  +  Flumazenil 

8.3 

16.7 

8.3 

8.3 

8.3 

8.3 

Vivid  Dreams 

Placebo 

0.0 

0.0 

0.0 

0.0 

0.0 

Zolpidem  Only 

9.1 

0.0 

0.0 

0.0 

0.0 

0.0 

Z  +  Flumazenil 

8.3 

0.0 

0.0 

0.0 

0.0 

Note:  Bold  values  were  significant,  p  <  0.05,  using  the  Wilcoxon  Signed  Rank  test. 


Examining  the  subjective  symptoms  reported  by  participants  and  collapsing  across  the 
various  sample  times,  we  can  see  what  symptoms  were  associated  with  each  of  the  dmg 
conditions.  Table  20  shows  the  percentage  of  participants  reporting  symptoms  at  a  level  higher 
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than  baseline  regardless  of  the  time.  Bolded  values  represent  significantly  increased  symptom 
severity  compared  with  the  P/P  condition  (p  <  0.05). 


Table  20.  Percentage  of  Participants  Reporting  Symptoms  Within  Each 
Drug  Condition  at  Any  Time. _ _ _ 


Symptom 

Placebo 

Zolpidem  Only 

Zolpidem  plus 
Flumazenil 

Trouble  Staying  Awake 

16.7 

54.5 

25.0 

Visual  Illusions 

0.0 

9.1 

25.0 

"Dragged"  Feeling 

0.0 

63.6 

83.3 

Light  headed 

8.3 

45.5 

50.0 

Difficulty  Staying  Awake 

8.3 

36.4 

25.0 

Loss  of  Balance 

0.0 

27.3 

50.0 

Loss  of  Coordination 

0.0 

27.3 

25.0 

Fatigue 

25.0 

45.5 

33.3 

Drowsiness 

25.0 

63.6 

41.7 

Headache 

16.7 

36.4 

25.0 

Eye  Strain 

8.3 

27.3 

25.0 

Difficulty  Focusing 

8.3 

54.5 

41.7 

Nausea 

16.7 

27.3 

33.3 

Difficulty  Concentrating 

0.0 

54.5 

41.7 

Note:  Bold  values  were  significant,  p  <  0.05,  using  the  Wilcoxon  Signed  Rank  test. 

Table  20  shows  that  participants  experienced  many  symptoms  under  the  Z10/P  and  Z10/F 
conditions,  five  and  four  respectively.  Whereas  participants  under  the  Z10/P  condition  appeared 
to  experience  the  “Drugged”  Feeling  more  frequently  than  the  Z10/F  condition,  when  only  the 
number  of  participants  are  considered  the  percentage  for  Z10/F  condition  is  83.3  percent  (10  out 
of  12).  Similarly  for  Loss  of  Balance,  half  the  participants  experienced  an  increase  in  this 
symptom  at  some  time  whereas  no  single  time  was  significant.  The  Z10/P  condition  showed  a 
similar  effect  for  Difficulty  Focusing  including  54.5  percent  of  the  participants.  Again  for 
Difficult  Concentrating  the  Z10/F  condition  increased  this  symptom  to  a  significant  41.7 
percent.  Somewhat  surprisingly  participants  did  not  identify  either  Fatigue  or  Drowsiness  as 
increasing  under  any  of  the  conditions.  Flowever,  since  25  percent  of  participants  indicated  at 
baseline  that  they  were  experiencing  these  as  symptoms  setting  a  high  mark  to  overcome  with 
only  a  four  point  scale. 

Subjective  evaluations  of  mood  were  acquired  using  the  ANAM  Mood  Scale  II. 
Unfortunately,  these  data  were  lost  during  a  move  from  one  building  to  another. 


DISCUSSION 

The  overall  results  of  this  investigation  demonstrate  that  the  sublingual  administration  of 
flumazenil  can  partially  nullify  the  soporific  effects  of  zolpidem.  These  findings  confirm  those 
of  Wesensten  et  al.  (1995)  and  others  who  found  impairment  reversed  by  intravenous 


25 

DRAFT 


Reversal  of  Zolpidem  by  Sublingual  Flumazenil 


NTI,  Inc. 


DRAFT 

administration  of  flumazenil,  but  that  the  sedation  effects  returned  six  hours  after  the  original 
zolpidem  administration.  While  the  debilitating  effects  of  zolpidem  were  shown  on  cognitive 
performance,  memory,  sleepiness,  and  side  effects,  flumazenil  only  reversed  these  effects  for  one 
to  two  hours.  While  these  effects  can  not  be  seen  clearly  in  the  reaction  time  measure  of  the 
three  cognitive  tests,  Figure  9  shows  this  effect  for  the  throughput  measure.  It  shows  the  number 
of  significant  differences  with  P/P  at  each  time.  Although  accuracy  frequently  does  not  show 
significant  effects  because  of  its  limited  range,  the  Z10/P  condition  showed  8-10  percent 
degradation  relative  to  P/P  while  the  Z10/F  conditions  showed  2-3  percent  degradation.  The 
throughput  measure  shows  the  restorative  effect  of  flumazenil  because  it  includes  accuracy  and 
reaction  time.  Performance  under  flumazenil  typically  fell  between  zolpidem  and  P/P  for  the 
first  hour  or  two  and  then  often  joined  the  zolpidem  performance  curve  as  performance  returned 
to  that  of  the  P/P  condition  with  the  metabolism  of  the  zolpidem.  The  treatment  conditions  had 
similar  effects  on  the  limited  Williams  Word  Memory  test.  Participants  in  the  flumazenil 
condition  recalled  nearly  as  many  words  as  the  P/P  condition  while  recall  was  down 
approximately  three  words  in  the  zolopidem-only  condition. 


Throughput  Differences  with  Placebo 


Time  of  Day 


Figure  9.  This  figure  summarizes  the  results  of  the 
three  cognitive  tests  by  showing  the  number  of 
significant  differences  with  placebo  at  each  time. 


While  the  physiological  measures  were  not  different  from  P/P,  the  subjective  measures  of 
sleepiness  and  symptoms  showed  significant  effects  for  Z  10/P.  Interestingly,  the  Stanford 
Sleepiness  Scale  showed  that  flumazenil  nearly  completely  nullified  the  sleepiness  effects  of 
zolpidem  for  the  entire  data  collection  session.  However,  the  high  baseline  level  of  sleepiness 
for  the  zolpidem  plus  flumazenil  condition  contributed  to  this  effect  by  reducing  the  differences 
for  the  subsequent  time  samples.  The  symptom  results  also  present  a  picture  of  flumazenil  only 
partially  nullifying  the  effects  of  zolpedim.  Significant  numbers  of  participants  under  zolpidem 
indicated  they  had  trouble  staying  awake,  felt  “drugged,”  felt  light  headed,  and  had  difficulty 
concentrating  from  one  and  three  hours  after  zolpidem  administration.  Flumazenil  helped  to 


26 

DRAFT 


Reversal  of  Zolpidem  by  Sublingual  Flumazenil 


NTI,  Inc. 


DRAFT 

eliminate  most  of  these  symptoms,  but  still  left  most  participants  experiencing  some  of  these 
symptoms  at  some  time  during  the  data  collection  period. 

One  other  way  of  understanding  at  these  data  is  to  look  at  the  restorative  value  of 
flumazenil  on  the  percentage  of  degradation  induced  by  zolpidem.  Using  the  throughput 
measures  for  each  of  the  three  cognitive  tests,  the  sample  mean  for  each  time  and  drug  condition 
was  divided  by  the  conditions  baseline.  Then  each  proportion  was  divided  by  the  P/P  value  for 
each  time  and  multiplied  by  100.  The  percentages  for  each  test  were  used  to  compute  a  mean  for 
Z10/P  and  Z10/F  at  each  time.  Figure  10  shows  a  plot  of  these  values,  average  percent  change 
from  P/P.  From  this  chart  it  can  be  seen  that  zolpidem  degrades  performance  about  25%,  90 
minutes  after  administration.  After  flumazenil  administration,  these  data  show  that  performance 
is  restored  to  92%,  a  significant  17%  improvement.  An  hour  later  after  the  second 
administration  of  flumazenil,  performance  drops  another  5%  providing  only  a  4%  improvement 
over  Z10/P.  In  the  next  hour,  performance  in  the  flumazenil  condition  drops  another  6%  to  82%, 
providing  only  a  5%  improvement  over  zolpidem.  Thereafter,  zolpidem  is  slowly  metabolized 
allowing  performance  to  recover.  Flowever,  even  at  2000,  performance  remains  10-11% 
degraded  compared  to  P/P.  In  the  Williams  Word  Memory  test,  similar  percentages  were  found 
at  1500,  but  at  1700  flumazenil  appeared  to  completely  restore  memory  to  the  same  level  as  P/P. 
The  Z10/P  condition  was  restored  to  90%  of  the  P/P  condition  at  1700. 


Percent  Throughput  Degradation 


Figure  10.  Percent  degradation  from  placebo  across 
throughput  measures  for  three  cognitive  tests. 


Flumazenil  Elimination 

Metabolism.  Flumazenil,  an  imidazobenzodiazepine,  has  an  elimination  half-life  of  54 
minutes  (range  41  -  79),  and  is  primarily  metabolized  by  the  liver  to  two  inactive  metabolites 
that  are  excreted  in  the  urine.  It  is  primarily  hydrolyzed  by  a  liver  carboxylesterase  to  flumazenil 
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acid  and  N-dealkylated  to  N-demethylated  flumazenil,  probably  by  the  cytochrome  P-450 
system,  as  are  other  benzodiazepine  compounds.  This  remains  to  be  determined. 

Competition  with  benzodiazepines.  Binding  of  benzodiazepines  to  the  gamma- 
aminobutyric  acid  receptor  occurs  at  the  oji  and  0)2  subunits.  Flumazenil  does  not  discriminate 
between  the  subunits  and  has  a  dissociation  coefficient  of  0.60  ng/L.  Flumazenil  is 
approximately  50%  bound  to  serum  protein.  Zolpidem,  an  imidazopyridine,  is  highly  selective 
for  the  co  1  subunit,  and  has  a  similar  dissociation  coefficient  of  1.5  -  2.1  ng/L.  Several  studies 
have  examined  the  pharmacokinetic  interaction  of  flumazenil  with  hypnotic  agents.  One  small 
study  found  that  lmg  of  intravenous  flumazenil  prolonged  the  elimination  half-life  of  0.1  -  0.2 
mg/kg  of  midazolam,  a  short-acting  imidazobenzodiazepine.  A  second  study  found  that  a 
smaller  dose,  0.005  mg/kg,  of  intravenous  flumazenil  reversed  cognitive  impairment,  due  to 
0.025  mg/kg  of  midazolam,  on  the  Digit  Symbol  Substitution  Test,  without  significantly  altering 
midazolam  pharmacokinetics.  Another  study  found  that  while  effective  for  reversing  zolpidem- 
induced  sedation  and  psychomotor  impairment,  0.04  mg/kg  of  intravenous  flumazenil  had  no 
effect  on  zolpidem  pharmacokinetics.  This  study  was  unusual  in  that  zolpidem  was  administered 
intravenously,  rather  than  orally,  and  found  a  mean  serum  elimination  half-life  of  1 .2  hours  for 
zolpidem  versus  2.4  hours  after  oral  dosing.  Similarly,  a  previous  study  showed  1  mg  of 
intravenous  flumazenil  to  ameliorate  immediate  and  delayed  memory  impairment  due  to  20  mg 
of  zolpidem  or  0.5  mg  of  triazolam. 

It  is  possible  that  competition  for  elimination  via  the  liver  exists  for  flumazenil  and 
hypnotic  agents,  such  as  zolpidem,  but  this  is  only  seen  when  the  quantities  of  both  dings  are 
sufficient  to  saturate  the  liver  CYP  3A4  enzyme  binding.  The  zolpidem  displaced  from  0)1  and 
CYP  3A4  sites  could  remain  in  the  serum  or  bind  to  another,  unknown  receptor. 

Zolpidem  Side  Effects 

A  fourth  arm  of  this  study,  administering  20  mg  of  zolpidem,  then  two  doses  of 
sublingual  flumazenil,  was  discontinued  after  three  of  the  exposed  four  participants  experienced 
vomiting,  two  with  projectile  vomiting.  The  fourth  participant  experienced  only  nausea.  This 
incidence  of  nausea  and  vomiting  is  higher  than  seen  in  a  previous  study  using  20  mg  of 
zolpidem  without  flumazenil  administration.  Conversation  with  the  lead  author  of  the  study  that 
showed  flumazenil  to  reverse  memory  impairment  (reference  12)  due  to  zolpidem  revealed  their 
incidence  of  nausea  and  vomiting  to  be  around  60  %  with  20  mg  of  zolpidem.  Though  20  mg  of 
zolpidem  is  greater  than  the  FDA  approved  doses  of  5  and  10  mg,  clinical  trials  with  20  mg 
doses  report  an  incidence  of  approximately  2%  for  nausea.  There  is  a  possibility  that  interaction 
between  high  doses  of  flumazenil  and  zolpidem  results  in  nausea  and  vomiting. 

Flumazenil  and  Other  Hypnotics 

Currently,  temazepam,  zolpidem,  and  zaleplon  are  the  only  hypnotic  agents  approved  for 
use  by  USAF  aircrew.  A  PubMed  search  did  not  find  any  studies  on  using  flumazenil  to  reverse 
sedation  due  to  temazepam.  Publications  were  found  related  to  studies  administering  flumazenil 
to  precipitate  withdrawal  symptoms  with  zaleplon  use  but  not  specifically  to  reverse  sedation. 
Zopiclone  is  a  non-benzodiazepine  hypnotic  that  offers  some  benefits  compared  to  the  currently 
USAF  approved  hypnotic  medications.  It  has  a  half  life  similar  to  temazepam,  making  it  suitable 
for  use  to  reduce  fatigue  due  to  circadian  rhythm  disruption.  Also  like  temazepam,  it  binds  to 
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both  (Bi  and  to 2  subunits.  Unlike  temazepam,  it  maintains  a  normal  proportion  of  slow-wave 
sleep  during  an  eight  hour  sleep  period.  It  has  been  well  studied  for  25  years  and  is  available  in 
Europe  and  Canada.  The  s-enantimer,  eszopiclone,  recently  became  available  in  the  United 
States  under  the  brand  name  Lunesta.  Zopiclone  does  not  bind  directly  to  the  001  and  to 2  subunits 
but  to  a  related,  allosteric  site.  An  in  vitro  experiment  demonstrated  this  when  a  single  dose  of 
flumazenil  fully  reversed  all  zopiclone  influence  at  the  GABA  receptor.  This  was  not  true  for 
zolpidem,  triazolam,  and  flunitrazepam.  The  combination  of  eszopiclone  and  sublingual 
flumazenil  suggests  the  possibility  of  inducing  normal  sleep  architecture  of  any  desired  duration 
up  to  eight  hours  and  awaken  quickly  after  flumazenil  administration  without  risk  of  resedation. 


CONCLUSIONS 

Under  the  conditions  of  this  experiment,  the  data  and  analysis  provide  the  following 
conclusions. 

1.  Sublingual  flumazenil,  administered  immediately  on  awakening,  was  shown 
to  reverse  the  cognitively  degrading  effects  of  zolpidem  by  23%,  restoring 
performance  to  92.5%  of  P/P. 

2.  After  a  second  administration  of  flumazenil  one  hour  post  awakening, 
beneficial  effects  were  minor. 

3.  One  to  two  hours  after  awakening,  performance  did  not  return  to  the  level  of 
the  P/P  after  flumazenil  administration,  but  rather  joined  the  Z10/P  decay 
function  which  continued  to  be  approximately  20%  degraded  compared  to 
P/P. 

4.  At  five  hours  post  awakening,  performance  remained  degraded  by  10-11% 
compared  to  P/P. 

The  improvement  in  the  throughput  measure  for  three  cognitive  performance  tests 
demonstrates  that  further  research  using  more  sophisticated  formulations  should  be  continued. 
Other  sublingual  formulations  such  as  eszopiclone  are  likely  to  have  greater  bioavailability  and 
provide  more  complete  restoration  of  performance  over  a  longer  period  of  time. 
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